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Art.  I. —  On  the  Otnesis  of  Metalliferous  Veins;    by  Joseph 

LeConte. 

[Bead  before  the  National  Academy  of  Science,  April  1*7,  1883.] 

Thjb  phenomena  of  metalliferous  deposit  by  solfataric  action 
at  Sulphur  Bank  and  Steamboat  Springs  have  tended  strongly 
to  confirm  what  I  had  previously  believed  to  be  the  most  prob- 
able theory  of  vein-formation,  and  at  the  same  time  to  give  it 
more  clearness  and  definiteness.  This  paper,  therefore,  may 
be  regarded  as  a  continuation  and  development  of  the  thoughts 
stATted  in  the  previous  ones.* 

The  structure,  the  mode  of  occurrence  and  the  contents  of 
metalliferous  veins  leave  no  longer  any  room  for  doubt  that 
they  hare  been  formed  by  deposit  from  solutions.  If  any 
doubt  still  lingered  op.  this  subject,  they  are  now  dissipated  by 
the  phenomena  of  deposit  still  in  progress  at  Sulphur  Bank  and 
at  dteamboat  Springs.  Among  metallic  ores  cinnabar  has  long 
been  considered  a  possible  exception  to  this  mode  of  deposit* 
The  extreme  volatility  of  this  sulphide,  the  extreme  irregularity 
of  its  veins,  and  its  frequent  occurrence  iu  the  immediate 
vicinity  of  comparatively  recent  volcanic  action,  have  suggested 
that  it  may  have  been  deposited  in  irregular  fissures,  cracks, 
cavities,  etc.,  by  condensation  of  its  vapors,  sublimed  by  vol- 
canic heat  beneath.  But  the  phenomena  of  Sulphur  Bank  and 
Steamboat  Springs  ought  to  settle  this  question  forever.     Cin- 

♦  This  Journal,  vol.  xxiv,  pp.  23,  1882,  and  xxv,  424,  1883. 

Am.  Joub.  Sci. — ^Thibd  Sebisb,  Vol.  XXVI,  No.  151.— July,  1883. 
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nabar  as  well  as  other  metallic  sulphides  are  now  being 
deposited  there  along  with  silica,  from  solutions.  And  yet  so 
strong  is  the  prejudice  in  favor  of  the  sublimation  theory  for 
this  sulphide,  that  Rolland  after  examining  this  phenomena  of 
Sulphur  Bank,  after  recognizing  the  complete  saturation  of  all 
the  rocks  and  earth  with  the  up-coming  solfataric  waters  and 
even  truly  describing  the  occurrence  of  the  cinnabar  in  recently 
deposited  silica  in  such  wise  that  the  two  must  have  been 
deposited  from  the  same  solution — still  talks  vaguely  about 
vapors  and  emanations  of  mercury.* 

Admitting  tliem  as  established,  the  view  that  metalliferous 
veins  have  been  deposited  from  solutions,  the  most  difficult 
questions  still  remain.  What  are  the  conditions  under  which 
deposit  takes  place?  And  what  in  addition  to  simple  water 
have  been  the  solvents? 

Conditions  of  deposit. — In  answering  this  first  question  it  must 
be  remembered  that  the  chemistry  of  nature  is  far  more  subtle 
and  refined  than  that  of  the  laboratory — that  substances  which 
are  regarded  as  practically  insoluble  in  the  latter  cannot  be  so 
regarded  in  the  former.  The  infinite  patience  of  nature  and 
the  infinite  slowness  of  her  operation  must  be  taken  into 
account.  In  the  perpetual  circulation  of  subterranean  waters 
infinitesimal  deposits,  continued  and  accumulated  through 
almost  infinite  time,  produce  large  results.  Thus  mineral  veins 
may  be  composec^  of  substances  of  extremest  insolubility  and 
yet  be  deposited  from  solutions.  In  fact  such  extreme  insolu- 
bility, or  at  least  very  feeble  solubility  would  seem  to  be  a 
condition  of  mineral  vein  formation,  for  otherwise  the  materials 
would  in  most  cases  be  brought  to  the  surface  instead  of  being 
deposited  below. 

Again,  it  must  be  borne  in  mind  that  solubility,  even  the 
feeblest,  is  notably  increased  by  heat,  especially  super-heat, 
and  by  pressure.  The  effect  of  heat  and  especially  of  super- 
heat, in  increasing  solubility,  is  universally  recognized;  but 
pressure  is  usually  regarded  only  as  a  necessary  condition  of 
super-heat,  and  not  as   itself  an  active  agent.     But,   in  fact, 

Eressure  acts  not  only  indirectly  as  a  condition  of  super-beat, 
ut  also  directly  as  an  active  agent  in  increasing  the  solubility 
of  nearly  all  substances.  Mr.  Sorby f  has  not  only  proved  this 
by  actual  experiment  on  a  great  variety  of  substances,  but  has 
shown  that  it  is  a  necessary  consequence  and  beautiful  illustra- 
tion of  the  law  of  correlation  and  conservation  of  natural  forceai 
and  that  we  have  in  this  as  in  the  case  of  fusibility  an  example 
of  the  equivalency  of  mechanical  and  molecular  forces.  For  aa 
in  the  matter  of  fusibility,  in  all  cases  in  which  expansion  takes 

*  Annales  des  Mines,  xiv,  384,  1878. 

t  F*roc.  Royal  Society,  7ol.  xii,  p.  638,  1863. 
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place  in  fusion,  pressure  by  resisting  expansion,  raises  the 
taring  point,  while  only  in  those  exceptional  cases  like  ice,  in 
which  contraction  takes  place  in  fusion,  pressure  by  assisting 
contraction,  lowers  the  fusing  point;  so  also  in  the  matter  of 
solubility :  in  all  cases  in  which  contraction  takes  place  in  solu- 
tion— i.  a,  in  which  the  volume  of  the  solution  is  less  than  the 
combined  volumes  of  constituents — pressure  by  assisting  con- 
traction increases  solubility,  while  only  in  very  exceptional 
cases,  as  for  example  sal  ammoniac,  in  which  expansion  takes 
place  in  solution,  pressure  by  resisting  expansion  diminishes 
solubility.  These  latter  cases,  however,  are  so  extremely  ex- 
ceptional, that  we  may  assume  as  a  law,  the  increased  solvent 
power  of  water  in  proportion  to  pressure.  It  is  even  possible 
by  experiment  thus  to  determine  the  mechanical  equivalent  of 
the  chemical  force  of  solution  of  any  given  substance,  and  in 
[act,  this  has  been  so  determined  for  several  substances  by  Mr. 
Sorby. 

There  can  be  no  doubt,  then,  that  the  solvent  power  of  water 
may  be  increased  without  limit,  by  corresponding  increase  of 
heat  and  pressure.  It  is  quite  certain,  therefore,  that  water 
deep  in  the  interior  of  the  earth,  especially  in  volcanic  regions, 
and  therefore  under  heavy  pressure  and  super-heat,  would  have 
its  solvent  power  greatly  increased,  not  only  by  the  super-heat, 
but  also  by  the  pressure.  It  is  believed  that  few  substances 
<jould  resist  entirely  its  solvent  power.  Such  waters  coming  up 
«lowly  toward  the  surface  through  fissures,  large  or  small, 
irould  have  their  solvent  power  diminished,  both  by  cooling 
and  by  relief  of  pressure  and  must  of  necessity  deposit  in  their 
•courses  and  form  mineral  veins. 

Other  solvents. — But  the  solvent  power  of  subterranean  waters 
is  still  further  and  very  greatly  increased  for  niost  vein-matters 
If  the  presence  of  alkali  in  the  form  of  alkaline  carbonates,  or 
,  tUoJine  sulphides  or  both.  This  is  especially  true  of  the  com- 
■  monestof  vein  stuffs,  viz:  quartz  and  lime  carbonate  and  the 
\  commonest  form  of  metallic  ore,  viz :  metallic  sulphides.  The 
[  •olubility  of  silica  in  alkaline  carbonate  waters  is  well  known, 
f  and  with  excess  of  carbonic  acid  in  the  waters  all  the  earthy  and 
:  metallic  carbonates  are  also  soluble.  The  solubility  of  many 
^  and  probably  all  metallic  sulphides  in  alkaline  sulphides,  espe- 
cially with  excess  of  hydrogen  sulphide,*  under  pressure  and 
[wper-heat  can  no  longer  be  doubted;  for  iron  sulphide  and 
[  mercuric  sulphide  are  now  being  deposited  from  such  waters 
:  'both  at  Sulphur  Bank  and  at  Steamboat  Springs.     Mr.  Christyf 

and  others  have  proved   the  solubility  of  mercuric  sulphide 

*  The  affinity  of  these  two  feeble  acids  for  bases  are  so  nearly  balanced,  that 
«i  excess  of  one  involves  the  excess  of  the  other,  and  as  a  matter  of  fact  both 
OOi  and  H,S  are  found  in  excess  in  all  solfataras. 

i  This  Journal,  xvii,  453,  1879. 
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under  pressure  and  super-heat  by  actual  experiment ;  and  t 
are  among  the  most  insoluble  of  metallic  sulphides. 

It  is  certain,  then,  that  metallic  sulphides  are  soluble 
limited  extent  in  alkaline  sulphides  forming  doubtless  do 
sulphides.  It  is  certain  also  tnat  the  solubility  is  increased 
superheat  and  pressure.  It  is  therefore  also  certain  that 
waters  containing  alkaline  carbonates  and  alkaline  sulphi 
circulating  at  great  depth  and  therefore  under  heavy  press 
would  take  up  silica,  earthy  and  metallic  carbonates,  and 
tallic  sulphides,  and  that  coming  up  slowly  toward  the  sur 
they  would  deposit  these  substances  in  theirr  courses,  ps 
by  cooling  and  partly  by  relief  of  pressure,  and  thus  f 
metalliferous  veins. 

We  have  given  what  seems  to  be  the  most  usual  caua 
deposit,  viz:  cooling  and  relief  of  pressure;  but  this  is  p 
ably  not  the  only  cause.  There  are  manv  chemical  react 
by  which  the  same  result  may  be  attainedf.  We  will  men 
only  the  more  obvious  of  these,  (a)  Organic  matters  ar 
almost  universal  occurrence  in  subterranean  waters,  and  t 
agency  in  reducing  metallic  oxides  and  metallic  salts  is  ' 
known.  The  more  we  study  the  chemistry  of  nature,  the  n 
we  are  impressed  with  the  importance  of  organic  matter  i 
universal  reducing  agent.  Organic  matter  in  form  of  hy< 
carbons  is  almost  invariably  found  in  connection  with  cinnal 
Its  agency  in  reducing  iron  sulphate  to  sulphide  is  seen  ev< 
where.  It  is  not  improbable  therefore  that  organic  matter 
culating  in  the  same  solution  with  metallic  sulphates  may  I 
frequent  means  of  reducing  these  and  depositing  them  as  mc 
lie  sulphides,  (i.)  Again :  alkaline  carbonate  and  sulpl 
waters,  dissolving  silica  and  metallic  sulphides  and  coming 
contact  in  their  course  with  decomposing  organic  matters,  i 
be  neutralized  by  the  acids  of  organic  decomposition  and  t 
compelled  to  deposit  their  freight  This  apparently  takej 
deep  hydraulic  mines  in  the  silicification  of  wood  and  possi 
in  the  deposit  of  iron  sulphide,  (c.)  Lastly :  it  is  possible  t 
in  some  cases  water  from  different  sides  and  carrying  diffei 
materials  may  meet  in  the  same  fissure  and  deposit  by  reacti 
For  example,  metallic  sulphates  thus  meeting  alkaline  sulphi 
would  by  interchange  produce  alkaline  sulphates  and  meta 
sulphides,  which  latter  would  be  deposited.  This  seems  to 
the  reaction  at  the  California  Geysers  where  a  black  inky 
posit  of  iron  sulphide  is  produced  by  the  action  of  alkal 
sulphide  on  iron  sulphate.  If  this  reaction  had  taken  pi 
sumciently  slowly,  it  is  possible  that  the  sulphide  would  d 
been  crystalline.  All  these  methods  and  perhaps  many  otl 
not  yet  imagined  may  occur ;  but  the  first,  viz :  oy  cooling  ; 
relief  of  pressure  is  probably  of  most  universal  occurrence. 
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Such,  we  believe,  is  an  outline  of  a  true  theory  of  the  genesis 
of  metalliferous  veins,  a  theory  apparently  confirmed  by  the 
study  of  causes  now  in  ooeration  at  Sulphur  Bank  and  Steam- 
boat Springs,  and  probably  many  other  places  in  California  and 
Nevada.*  We  are  now  prepared  to  still  further  confirm  the 
theory  by  applying  it  to  the  explanation  of  all  the  phenomena 
of  veins.  But  before  doing  so  it  is  necessary  that  some  grave 
objections  recently  raised  should  be  removed. 

Kecently  Dr.  F.  Sandberger  has  published  a  very  important 
treaiise  on  veinsf  in  which  he  takes  ground  against  what  he 
<all8  "the  ascension  theory"  and  urges  strong  reasons,  as  he 
thinks,  in  favor  of  "lateral  secretion"  or  **levigation  theory." 
According  to  him  metalliferous  veins  are  filled  not  by  deposit 
from  ascending  waters,  but  by  lateral  secretion  or  leaching 
from  the  immediate  bounding  walls  of  the  fissures.  He  thinks 
that  ascending  waters  or  springs  will  not  deposit  in  their  con- 
duits, but  only  at  the  surface  in  contact  with  air  and  by  oxida- 
tion. He  cites  the  case  of  iron  ore  which  is  thus  abundantly 
deposited.  He  admits  the  deposit  of  vein-matters  both  silica 
and  metallic  sulphides,  at  Sulphur  Bank  and  at  Steamboat 
Springs,  but  thinks  that  these  are  only  superficial  deposits 
determined  by  contact  with  the  air,  that  they  are  not  true  veins 
and  throw  no  light  on  the  process  of  mineral- vein-formation. 
Bethinks  that  in  case  of  solfataric  waters  depositing  metallic 
aalphides,  these  waters  in  their  ascent  have  traversed  previ- 
ously existing  veins,  a  small  portion  of  the  metallic  contents  of 
which  are  dissolved  and  redeposited  at  the  surface.  For  ex- 
ample: the  metallic  sulphides  and  gold  found  in  the  deposits 
of  Steamboat  Springs,  according  to  him,  were  gathered  from 
auriferous  quartz  veins  in  the  neighborhood.  He  admits,  also, 
however  that  the  question  might  be  definitely  determined  by 
deep  explorations  at  these  places,  but  is  apparently  unaware 
that  such  explorations  have  already  been  undertaken  at  Sul- 
phur Bank.  According  to  him,  moving  water  will  not  deposit, 
for  in  order  that  deposit  should  take  place  the  water  must  be 
stagnant  Therefore,  for  him,  mineral  vein-formation  is  always 
*  d^p-seated  phenomenon,  and  we  may  never  hope  to  see  the 
process  still  going  on,  or  investigate  directly  the  causes  still  in 
operation.  In  brief  his  view  seems  to  be,  that  the  closed  cavi- 
^es  of  great  fissures,  like  the  closed  fossil-cavities  of  stratified 
rocks  and  the  closed  vapor-cavities  of  eruptives  are  filled  by 
leachings  from  the  immediate  bounding  wall-rocks  of  the  fis- 
wires.    The  process  is  a  sort  of  aggregation  of  soluble  matters 

*  Feeble  Bolfataric  action  is  still  going  on  and  probably  still  depositing  metallic 
Aphides  In  Comstock  Lode.    (Becker.) 

t "  Untenticbungen  aber  Erzgange."  F.  Sandberger,  Wiesbaden,  1882.  I 
iuive  not  seen  tbe  Ml  work,  but  onlj  a  thorough  resum^  of  the  part  on  genesis  of 
^^iby  G.  Uaillard  in  the  Archives  des  Sciences  for  Dec.,  1882,  vol  viii,  p.  320. 
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into  open  spaces,  an  oozing  and  congelation  of  a  coagulable- 
plasma  mending  the  broken  parta  For  such  congelation- 
quiescence,  stagnation  seems  to  be  a  necessary  condition. 

The  arguments  which  he  urges  for  this  view  are  mainly  two. 
1.  That  vein-contents  both  metallic  and  other,  even  in  the  same 
fissure,  change  with  the  country  fock,  as  if  derived  immediately 
from   its  walls.     2.  That  by  actual  analyses  of  igneous  and 
metamorphic  rocks  he  finds  in  them  all  the  matters,  including 
the  metals,  contained  in  veins.     This  latter  is  his  principal  and 
as  he  thinks  demonstrative  argument;  and  his  investigations 
on   this  subject  are  undoubtedly  of  very  great  interest  and 
value.     Previous  investigators  have  also  attempted  to  find  the 
valuable  metals  widely  distributed  in  the  rocks,  but  with  indif- 
ferent success  because  the  analyses  have  been  mostly  undis- 
criminating  analyses  of  the  whole  rock  (bausch-analysen).     Dr. 
Sandberger^s   analyses  on    the  contrary   have   been   selective 
analyses  of  the  principal  minerals.     By  this  method  he  finds 
the  valuable  metals  in  notable  quantities  especially  in  the  more 
basic  rocks.     Olivine,  hornblende,  augite  and  the  dark  micas 
he  finds  rich   in  a  great  number  of  metals,  while  the  lighter- 
colored  micas,  feldspar,  quartz  and  therefore  the  granites  and 
gneisses,  he  finds  poor.     He  thinks  therefore  that  metals  are 
derived  mostly  from  igneous  rock  especially  from  the  newer 
and  more  basic,  and  that  veins  are  often  rich  when  they  inter- 
sect metamorphic  rocks  only  because  the  metals  are  leached 
into  them  from  the  neighboring  igneous  rocks. 

Such  is  a  very  brief  statement  of  Dr.  Sandberger*s  views. 
On  account  of  his  great  ability  and  wide  experience,  they  are 
certainly  entitled  to  great  weight.  But  it  seems  to  me  that  all 
his  objections  to  the  ascension  theory  and  all  his  arguments 
for  the  "lateral  secretion"  theory  are  based  on  a  misconception 
of  the  former  or  rather  on  an  exaggeratiom  of  the  distinction 
between  the  two.  The  view  which  he  apparently  takes- of  the 
ascension  theory  is  an  extreme  view  which  allies  it  with  the 
vapor,  or  sublimation -ascension  theory.  According  to  the 
ascension  theory,  as  he  imagines  it,  the  water  comes  up,  and  the 
materials  are  derived,  from  the  unknown  interior  of  earth — 
from  the  region  of  the  sources  of  volcanic  activity.  This  is 
plainly  shown  by  his  strongly  contrasting  it  with  his  own 
theory  as  distinctively  a  levigation  theory;  also  by  the  great 
importance  which  he  attaches  to  his  rock  analyses  as  a  crucial 
test  for  deciding  between  the  two  theories.  Now  I  am  quite 
sure  that  no  one,  in  this  country  at  least,  holds  to  any  such 
view.  All  speculators  on  this  subject,  I  think,  now  hold  that 
the  mineral  contents  of  veins  are  wholly  derived  by  leaching^ 
from  the  rocks  forming  the  fissure-walls.  The  ascension  theory 
(if  we  use  this  name  at  all)  as  properly  understood,  i.  e.,  the- 
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leorj  which  connectB  vein*formatioQ  with   solfataric  action  is 
'holly  a  levigatioD  theory.     According  to  this  theory  as  I  un- 
erstand  it,  the  vein  matters  including  the  roetallic  ores  are  not 
erived  from  an  unknown  mysterious  region  of  volcanic  fires, 
•ut  are  gathered  by  leaching  from  the  whole  wall  rock  from  top 
0  bottom  of  the  fissure ;  but  mainly  from  the  deeper  parts,  be- 
ause  these  are  under  heavy  pressure  and  superheat.  Suoterrane- 
iD  waters  gathering  soluble  matters  from  wide  areas  and  great 
hicknesses  of  rock  find  their  way  into  fissures,  and  these  then 
become  their  natural  channels  back  to  the  surface  from  which 
they  come.     The  theory  may  be  formulated  as  a  depositing  of 
materials,  mainly  in  the  return  course  of  circulating  meteoric 
waters.     The  -materials  are  gathered  widely  by  leaching,  the 
deposit-  is  mainly  in  the  ascending  portion  of  the  course,  be- 
cause determined  by  cooling  and  relief  of  pressure.     The  only 
difference  between  great  fissure  veins  on  the  one  hand,  and 
small  infiltration  veins,  amygdules  and  geodes,  et<5.,  on  the  other, 
in  their  mode  of  filling,  is  that  the  latter  are  filled  with  matters 
contributed  by  the  immediate  bounding  rocks  only,  while  the 
former  are  filled  in  each  part  by  matters  gathered  from  all  the 
rocks  over  wide  areas  and   through  the  many  thousand  feet 
thickness  through  which  the  fissure  breaks,  but  especially  from 
the  lower  portion  because  hot.     This  is  the  reason  of  the  great 
variety  of  the  contents  of  these  as  compared  with   the  other. 
In  the  one  case  the  contribution  is  local,  in  the  other   more 
general;  the  one  may  be  regarded  as  the  gatherings  of  a  mu- 
nicipal tax,  the  other  of  a  national  tax  ;  but   in  both  cases  the 
tax  is  drawn  from  home  sourceH,    not    from    unknown   foreign 
sources.    Dr.  Sandberger's  analyses  indeed  proves  that  leaching 
is  the  source,  but  proves   nothing  as  to   the   wideness  of  the 
leaching,  and  is  therefore  no  objection  to  the  ascension  theory 
as  properly  understood.     So  also  the  change   of  vein  contents 
of  the  same  vein  with  change^  of  country  rock  is  precisely  such  a 
change  in  degree  and  kind  as  we  should  expect  on  a  true  ascen- 
sion theory.     The   change   is   often  considerable,  but  not  so 
complete  as  would  be  the  case  were  the   contribution  strictly 
local— not  so  complete  as  we   actually    find  it  in  infiltration 
veins  and  amygdules.     The  reason  is  obvious.     In  true  metal- 
liferous veins  the  surface  country  rock  is  a  factor,  true:  but 
only  one  of  the  least  of  many  factors  determining  the  result. 

With  the  removal  of  this  misconception,  we  believe  all  his 
objections  fall  to  the  ground;  but  we  will  also  briefly  notice 
some  of  these  objections.  Dr.  Sandberger  maintains  that  in 
order  to  make  deposit,  the  solution  must  be  in  a  state  of  qui- 
escence inconsistent  with  the  idea  of  water  issuing  in  springs. 
But  evidently  the  quiescen<ie  can  be  only  relative.  Some  move- 
ment of  the   water  is  necessary  in   order   to    bring  indefinite 
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supply  of  material  to  the  vein — unless  indeed  we  resort  t 
occult  forces  of  which  we  know  nothing.  All  subterranea 
waters  are  in  movement— in  a  circulation  which  completes  itsel 
only  by  issuance  on  the  surface.  The  movement  may  be  sloi 
or  rapid.  The  issuance  may  be,  as  imperceptible  moistur 
evaporating  on  the  surface,  or  may  be  in  the  form  of  8prings€ 
every  degree  of  boldness.  Now  it  is  probable  that  a  very  slov 
movement  is  most  favorable  for  mineral  deposit  in  fissures,  an( 
that  for  two  reasons.  In  the  first  place  if  the  supply  of  wate 
is  abundant  the  percentage  of  soluble  matter  may  be  too  smal 
to  deposit.  We  pee  illustration  of  this  in  the  phenomena  o 
the  forming  and  filling  of  limestone  caves.  At  one  time  whei 
the  supply  of  water  flowing  through  them  was  abundant,  thej 
were  hollowed  out  by  solution  ;  but  now  that  the  water  ii 
reduced  to  droppings  tney  are  filling  by  deposit  In  the  seconc 
place,  rapid  movement  of  abundant  water  is  unfavorable  foi 
deposit  in  conduits,  because  the  cooling  on  approaching  th< 
surface  will  be  too  slow.  The  water  will  carry  its  own  tempe 
rature  with  it  instead  of  borrowing  it  wholly  from  the  adjacent 
rock.  For  these  two  reasons  therefore,  decided  springs  are  api 
to  deposit  only  on  the  surface,  where,  only,  the  cooling  is  suffi. 
cient  and  where  deposit  also  takes  place  by  evaporation  and 
oxidation.  In  a  word  all  subterranean  waters  are  in  movemem 
and  such  movement  is  necessary  to  bring  sufficient  supplies  of 
feebly  soluble  matters.  Also,  all  or  nearly  all  circulatmg  wa- 
ters terminate  their  journey  on  the  surface.  Whether  their 
issuance  on  the  surface  be  called  springs  or  not  is  purely  a 
question  of  relative  abundance  of  the  waters ;  but  it  is  espe- 
cially in  cases  of  slow  movement,  and  issuance  without  deci- 
ded fountains,  that  the  conduits  or  waterways  are  most  apt  to 
be  filled  by  deposit 

Again,  Dr.  Sandberger  thinks  that  metamorphio  rocks  de- 
rive their  vein-contents  from  the  igneous  rocks  in  their  vicin- 
ity. We  on  the  contrary  regard  the  igneous  rocks  as  contrib- 
uting not  so  much  the  materials  as  the  heat  necessary  for  their 
solution.  There  is  probably  no  substantial  difference  in  the 
chemical  composition  of  igneous  and  sedimentary  rocks.  They 
are  convertible  into  each  other  and  are  often  so  converted  by 
alternate  disintegrations  and  re-fusions. 

A^ain,  Dr.  Sandberger  thinks  that  solfataric  waters  at  Sul- 
phur Bank  and  elsewhere  deposit  only  at  the  surface  and  iu 
contact  with  the  atmosphere — that  these  do  not  fill  their  con 
duits  and  thus  form  veins,  and  therefore  we  are  not  to  look  M 
these  as  examples  of  the  process  by  which  metalliferous  veio; 
are  generated.  He  thinks  that  deposits  of  vein  matters  at  Sul 
phur  Bank  is  wholly  the  result  of  oxidation  by  contact  wit] 
air,  and  likens  it  to  superficial  iron  ore-deposits  which  as  i 
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well  known  are  due  wholly  to  peroxicjation  by  contact  with 
the  air.    Now  there  is  here  also  a  partial  truth  in  Dr.  Sand- 
beiger's  view,  but  not  such  as  interferes  with  the  view  that 
metalliferous  veins  are  formed  by  solfataric  action.     It  is  true, 
as  I  have  shown  in  a  previous  paper,^  that  at  Sulphur  Bank 
the  down-going  aoid  waters  formed  by  oxidation  meet    and 
neutralize  the  up*eoming  alkaline  waters  and  determine  abund- 
ant deposit  of  silica  and  metallic  sulphides  at  the  point  of 
meeting,  which  is  only  about  20-30  feet  from  surface ;  but  the 
deposit  of  these  vein  matters  is  not  confined  to  this  point  nor 
determined  only  by  this  reaction,  but  takes  place  also  far  be- 
yond the  influence  of  the  atmosphere.     What  Dr.  Sandberger 
has-  himself  proposed  as  a  test  of  this  question,  viz :  deep  ex- 
plorations beneath  Sulphur   Bank,   has  already  been  accom- 
plished and  the  question  decided  against  him.     In  the  ^^  wagon 
spring  cut"  the  solfataric  waters  have  been  followed  down  far 
below  the  influence  of  oxidation  and  acidification  to  a  region 
where  the  water  is  strongly  charged  with  alkaline  carbonates 
and  alkaline  sulphides  with  excess  of  CO,  and  H,S  and  the 
deposit  of  metallic  sulphides  is  still  abundant  there.     But  what 
is  still  more  conclusive,  a  shaft  has  been  sunk  to  a  depth  of 
810  feet  and   horizontal  drifts   run   at  five  -  diflerent  levels. 
These  drifts  have  pierced  the  vein  which  is  a  brecciated  vein 
^ery  rich*  in   sulphides  of  iron  and  mercury.     That  this  is  not 
an  old  vein  through  which  the  solfataric  waters  have  happened 
^  ri^e,  redissolving  some  of  the  metallic  sulphides  and  rede- 
positing  them  at  the  surface  by  oxidation,  but  a  veritable  vein 
filled  by  solfataric  action  still  going  on  and  still  doing  its  work 
^/  vein  formation,  is  shown  by  the  fact  that  the  deposit  of 
silica  is  here  in  some  places  so  recent  that  the  silica  is  still  in  a 
gelatinous  condition.     It  is  evident  that  Dr.  Sandberger  is  un- 
^pquainted  with    the   most  recent   investigations   at  Sulphur 
-^^uk.     He  has  also  wholly  misconceived  some  even  of  the 
^^rtace  phenomena.     He  is  apparently  unaware  of  the  funda- 
'J^^ntal  aistinction  between    the   surface  phenomena  and  the 
^^per  phenomena — between  the  chemical  effects  of  the  down- 
swing acid  waters  and    the  up-coming  alkaline  waters.      He 
^^en  speaks  of  the  white  chalky  product  of  acid  decomposition 
^^  the  surface  rocks  as  an  acid  clay  instead  of  pure  silica  as  it 
'"^ally  is. 

Again,  Dr.  Sandberger  thinks  that  when  solfataric  waters 

r^posit  metals,  these  have  been  derived  from  previously  exist- 

^^g  veins  traversed  by  the  ascending  waters.     This  may  pos- 

®jV)ly  indeed  be  true,  but  does  not  in  the  least  aflfect  the  theory. 

*or  we  probably  rarely  or  never  see  any  rock  which  has  not 

derived  its  material  from  previous   rocks   by  disintegration, 

♦  This  Journal,  vol.  xxiv,  p.  23,  1882. 
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transportation,  sedimentation  and  reconsolidation,  and  yet  we 
study  the  process  now  going  on  as  a  type  of  what  took  place 
in  earlier  times.  So  also  it  may  indeed  possibly,  though  I 
think  not  probably,  be  true  that  we  rarely  see  metals  deposited 
from  solfataric  waters  which  have  not  been  derived  from  pre- 
viously formed  metalliferous  veins,  and  yet  none  the  less  is  the 
process  in  the  two  cases  the  same,  and  we  rightly  study  the  one 
to  throw  light  on  the  other. 

Finally,  Dr.  Sandberger  regards  the  whole  phenomena  of 
mineral  vein  formation  as  deep-seated  and  forever  removed 
from  direct  observation ;  and  therefore  we  may  not  hope  ever 
to  see  these  causes  now  in  operation.  This  view  it  seems  to 
me  removes  the  subject  forever  from  the  clear  light  of  induc- 
tive research  where  recent  observers  had  hoped  to  place  it,  and 
remands  it  to  the  limbo  of  more  or  less  probable  conjecture. 
But  we  have  now  shown  that  his  reasons  for  so  doing  are  not 
conclusive,  and  that  we  may  still  hope  to  see  in  solfataric  action 
the  analogue  of  the  process  by  which  metalliferous  veins  were 
formed. 

After  this  discussion,  which  we  hope  has  served  the  purpose 
of  placing  the  ascension-theory  in  clearer  light,  we  return  with 
increased  confidence  in  our  previously  formed  views,  and  will 
now  proceed  to  apply  them  in  the  explanation  of  the^  phenom- 
ena of  mineral  veins. 

1.  Association  with  metamorphism, — If  metalliferous  veins  are 
formed  by  solfataric  action,  then  we  at  once  see  why  they  are 
usually  associated  with  the  evidences  of  volcanic  activity  re- 
cent or  past,  and  especially  with  metamorphism  of  the  country 
rock :  for  solfataric  action  is  but  the  feeble  remnant  of  preced- 
ing vulcanism,  and  metamorphism  is  undoubtedly  produced  by 
superheated  water  under  heavy  pressure;  and  the  presence  of 
alkali  is  also  an  important  factor.  Our  view  as  already  stated 
is  not  that  igneous  rocks  alone  supply  the  materials,  but  rather 
that  igneous  action  supplies  the  heat  necessary  for  solution. 

2.  Absence  of  surface  effects  of  solfataric  action, — If  metallifer- 
ous veins  were  formed  by  solfataric  action,  at  the  time  they 
were  forming,  if  alkaline  sulphides  predominated,  white  chalky 
siliceous  residue  of  acid  decomposition  (as  at  Sulphur  Bank), 
or,  if  alkaline  carbonates  predominated,  siliceous  sinter  (as  at 
Steamboat  Springs),  must  have  existed  at  the  then  surface. 
But  as  such  surface  deposits  are  never  more  than  20  to  30  feet 
thick — they  must,  except  in  cases  where  the  process  is  still  go- 
ing on,  have  long  ago  been  entirely  swept  away  by  erosion^ 
and  therefore  the  deeper  parts  only,  i.  e.  the  true  veins  exposed 
to  view.  In  ordinary  mineral  veins  we  have  the  deeper  de- 
posits revealed  but  the  process  of  filling  has  been  hitherto  ob- 
scure.     In  solfataric  springs  on  the  other  hand  we  have  the 
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process  revealed,  but  the  true  vein  deposits  have  hitherto  been 
concealed  and  obscured  by  surface-products  and  surface  reac- 
tion.    At  Sulphur  Bank  alone,  and  only  by  means  of  the  deep 
mining  operations  recently  undertaken  there,  both  the  surface 
process  and  the  deeper  results  in  filling  the  conduits  are  clearly 
demonstrated.     As  the  present  condition  of  the  theory  of  erup- 
tive rocks  is  the  result  of   observation   not  only  of    surface 
effects  as  shown  in  active  volcanoes,  but  also  of  exposures  by 
erosion  of   the  deeper  roots  of  extinct  eruptions,  so   also  a 
rational  theory  of  genesis  of  metalliferous  veins  must  be  based 
DOt  only  on  the  study  of  the  deeper  parts  of  such  veins  ex- 
posed to  view  by  erosion,  but  also  on  the  study  of  similar  phe- 
nomena still  in  progress  in  active  solfataras.     The  light  thrown 
on  the  theorv  of  metalliferous  veins  by  the  deeper  works  at 
Sulphur  BanK  is  precisely  similar  to  what  would  be  thrown  on 
some  of  the  obscurest  questions  connected  with  eruptions,  if 
we  could  tunnel  beneath  a  volcano,  or  still  better  beneath  a 
great  basaltic  or  rhyolitic  overflow,  and  tap  the  conduit  dykes 
which  supplied  it. 

8.  Yariaiion  in  vein  contents. — If  mineral  veins  are  formed 
by  deposits  in  conduits  from  hot  waters  containing  alkaline 
carbonates  and  alkaline  sulphides,  then  the  nature  of  such  de- 
posits i.  a,  the  vein-matters,  and  especially  whether  they  be  met* 
alliferous  or  not,  will  depend  upon  the  relative  proportions  of 
these  two  ingredients.  Alkaline  carbonates  are  the  main  solv- 
ents of  vein  stuff,  viz:  silica  and  earthy  and  metallic  carbonates, 
while  alkaline  sulphides  are  the  main  solvents  of  metallic  sul- 
phides. This  is  well  shown  in  the  contrast  between  the  phe- 
nomena at  Sulphur  Bank  and  at  Steamboat  Springs.*  At 
Steamboat  Springs,  alkaline  carbonates  predominate,  and  there- 
fore the  surface  deposit  is  in  the  lorm  of  a  thick  cake  of  sinter,, 
only  stained  here  and  there  with  metallic  sulphides  and  metallic 
oxides ;  while  at  Sulphur  Bank  alkaline  sulpnides  predominate, 
and  therefore  the  deposit  is  rich  in  metallic  sulphides ;  but  there 
isnocrust  of  silica  formed,  because  the  acidification  of  the  sul- 
phides by  contact  with  air  neutralizes  the  alkali,  and  prevents  the 
silica  from  reaching  the  surface.  In  place  of  a  deposited  crust  we 
have  here  a  chalky  siliceous  residue  of  acid  decomposition  of 
surface  rocks.  Doubtless  all  gradations  between  these  extremes 
may  be  found.  The  richness  or  poorness  of  veins  in  metals 
depends  on  similar  differences  in  ascending  waters  of  previous 
geological  epochs.  No  doubt,  however,  the  abundance  and 
rapidity  of  circulation  of  the  waters  was  also  an  important  ele- 
ment in  determining  the  results,  for,  as  we  have  already  shown,, 
very  slow  circulation  is  favorable  for  deposit  in  conduits ;  abund- 

*  This  Journal,  vol.  xxiv.  p.  23,  1882,  and  vol.  xxv,  p.  424,  1883. 
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ant  waters  coming  ap  in  bold  springs  deposit  mainly  at  the 
surface. 

4.  Variation  of  richness  with  depth, — If  metalliferous  veins 
are  formed  by  deposit  of  soluble  matters  from  superheated 
waters,  coming  up  from  great  depths,  and  slowly  losing  heat 
and  pressure,  then  the  level  at  which  deposit  will  commeuce 
will  obviously  depend  on  the  percentage  of  freight  of  soluble 
matters  carried.  It  will  commence  whenever  by  loss  of  heat 
and  pressure  the  point  of  saturation  is  reached,  and  will  con- 
tinue thereafter  to  the  surface.  On  the  one  hand,  the  percentage 
may  be  so  small  (either  because  so  little  has  been  met  with,  or 
because  the  waters  are  too  abundant  and  rapid-moving)  that  de- 
posit will  take  place  only  on  the  surface  by  drying  and  oxida- 
tion ;  on  the  other  hand,  the  water  may  be  so  saturated  when  it 
enters  the  Assure,  that  it  will  deposit  equally,  or  nearly  equally, 
all  the  way  up.  Between  these  extremes  there  is  every  grada- 
tion, and  deposit  may  commence  at  any  level  and  continue  to 
the  surface.  The  same  is  of  course  true  of  each  individual  sub- 
stance in  solution.  Each  will  deposit  when  its  owa  saturating 
point  is  reached.  Applying  these  principles  to  actual  vein 
stuffs:  silica  and  other  common  veinstones  being  abundant 
everywhere,  we  may  regard  the  waters  as  usually  saturated  with 
these,  and  deposit  of  these  will  usually  take  place  equally  at  all 
depths.  But  metallic  matters  are  very  sparsely  and  irregularly 
distributed  in  the  country  rock,  and  the  percentage  of  these  in 
subterranean  waters,  depending  as  it  does  on  the  composition 
and  the  temperature  of  the  water  and  the  quantity  of  the  metal 
met  with  in  its  course,  must  be  very  variable.  H  the  water  is 
already  saturated  for  that  temperature  and  pressure  with  these 
substances  when  it  enters  the  fissure,  then  deposit  will  com- 
mence immediately,  and  continue,  and  the  vein  will  be  equally 
rich  at  all  depths ;  but  if  the  saturation  is  not  complete,  then 
deposit  will  be  delayed  until  by  loss  of  heat  and  pressure  the 
saturating  point  is  reached,  and  the  vein  will  be  richer  near  the 
surface.  We  have  thus  far  supposed  all  the  materials  derived 
from  the  lowest  depths  only.  But  this  is  not  true.  Contribu- 
tions may  be  added  at  every  step  in  the  upward  course  by  trib- 
utary waters  from  the  wall  rock.  Whether  these  waters  increase 
or  decrease  deposit  will  depend  on  their  percentage  of  metallic 
freight  as  compared  with  that  of  the  main-  up-coming  stream. 
On  the  one  hand,  it  is  more  likely  to  diminish  it,  because  super- 
ficial waters  are  less  apt  to  contain  metallic  contents  than  deeper 
watere ;  but,  on  the  other  hand,  it  may  sometimes  increase  it  by 
cooling  more  auickly  the  ascending  watera  Again,  we  have 
supposed  the  aeposit  to  take  place  only  by  loss  of  heat  and 
pressure.  This  is  doubtless  the  most  obvious  and  widely  occur- 
ring cause ;  but  there  are  also,  as  we  have  already  shown,  many 
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chemical  reactions  by  which  deposit  may  take  place.  These 
may  occur  in  any  part,  and  determine  exceptional  richness  in 
that  part  Taking  all  these  causes  into  account,  we  easily  see 
why  many  veins  grow  poorer,  some  hold  their  own,  while  a  few 
grpv  richer,  in  depth. 

6.  Origin  of  the  alkaline  and  metailic  sulphides, — The  ques- 
tion of  the  origin  of  the  alkaline  sulphides  and  metallic 
sulphides  is  only  remotely  connected  with  our  subject.  We 
fina  the  alkaline  sulphides  in  subterranean  waters  —  such 
waters  deposit  metallic  sulphides.  This  would  seem  sufficient 
for  our  purposa  But  the  (question  of  origin  is  an  inter- 
eeting  one,  and  a  few  words  m  explanation  may  not  be  out 
of  place.  Alkaline  sulphides  are  now  forming  under  our 
eyes  in  many  places  by  the  reducing  action  of  organic  matter 
on  alkaline  sulpliates.  A  notable  and  familiar  example  of 
this  is  the  formation  of  alkaline  sulphides  (of  magnesium  and 
sodiam)  in  salt  marshes,  by  the  reducing  action  of  decaying 
organic  matters  of  the  marshes  upon  the  sulphates  of  sea  water. 
The  subsequent  decomposition  of  the  sulphides  form  the  sul- 
phuretted hydrogen,  so  easily  detectable  by  smell.  Now  organic 
matters  in  solution  are  of  almost  universal  occurrence  in  subter- 
ranean waters,  and  organic  matter  is  the  most  powerful  and 
aniversal  reducing  agent  in  nature.  Organic  matters,  in  the 
form  of  bituminous  hydro-carbons,  are  found  at  Sulphur  Bank^ 
andat  other  cinnabar  mines.  It  seems  not  improbable,  there- 
fore, that  alkaline  sulphides  found  in  solfataric  waters  have 
been  reduced  from  alkaline  sulphates  by  this  agency. 

It  is  probable  that  the  metallic  sulphides  which  we  find  in 
golation  in  sol&taric  waters,  and  especially  in  mineral  veins, 
have  been  formed  in  the  same  way,  i.  e.,  have  been  reduced 
from  metallic  sulphates  by  organic  matters.  It  is  probable, 
therefore,  that  we  never  see  either  alkaline  or  metallic  sulphides 
which  have  not  been  reduced  from  the  corresponding  sulphates. 
Bat,  on  the  other  hand,  it  is  certain  that  we  never  see  any  alka- 
line or  metallic  sulphates  which  have  not  been  oxidized  from 
oonesponding  sulphides.  The  original  form  was  doubtless  sili- 
cates. These  have  passed  through  many  changes  as  carbonates, 
sulphates,  sulphides,  to  be  again  changed  into  sulphates  in  per- 
petual cycle.  So  is  it  with  everything  constituting  the  earth 
crust  We  certainly  never  see  any  soil  that  has  not  been  rock, 
nor  any  rock  that  has  not  been  soil.  We  never  see  any  strati- 
fled  rock  that  has  not  been  igneous  rock,  nor,  I  believe,  any 
igneous  rock  that  has  not  become  so  by  refusion  of  stratified 
rock.  Thus  the  whole  material  of  the  earth  crust  has  been 
worked  over  and  over  again  many  times,  passing  thus  through 
a  perpetual  cycle  of  changes. 

6.  Heat  not  always  necessary, — We  have  said  that  the  solutions 
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xiepositing  metalliferous  vein  matters  have  been  hot     Sach  un- 
doubtedly they  were  in  most  cases.     Metalliferous  veins  are 
usually  associated  with  vicinity  of  dykes  and  other  evidenoes 
of  igneous  action.     They  are  usually  associated  with  tilting, 
folding  and  metamorphism  of.  the  rocks.     The  water  cavities  of 
vein  stones  have  often  a  vacuous  space,  showing  that  the  water 
hns  cooled  and  contracted  since  the  veinstone  was  consolidated. 
We  find  deposits  of  vein  matters,  both  matrix  and  metallic  ore, 
now  going  on  in  hot  alkaline  waters,  and  therefore  presumably 
they  were  deposited  from  similar  waters  in  previous  epochs. 
But  heat  is  evidently  not  necessary  in  all  cases.     For  example, 
(a)  deposits  of  iron,  as  we  know,  often  belong  to  an  entirely  dif- 
ferent category.     This  metal  may  indeed  be  often  found  in 
veins,  and  is  then  probably  deposited  like  othor  vein  metals; 
but  it  is  deposited  also,  and  more  abundantly,  in  beds,  being 
leached  out  of  rocks  and  soils  by  solutions  of  organic  matter  at 
ordinary  temperatures,  as  first  explained  by  Bischof,  and  after- 
wards more  fully  by  Sterry  Hunt     (6)  Lead  also  occurs  very 
abundantly  in  undisturbea  regions  and  in   unchanged,  even 
fossiliferous,  strata,  mostly  limestones.     In  the  lead  regions  of 
Illinois,  Iowa  and  Missouri,  for  example,  it  occurs  in  fossilifer- 
ous Paleozoic   limestones,  in  immense  deposits,    partially  or 
wholly  filling  irregular  cavities  of  great  extent  between  the 
strata  and  between  the  joint-blocks  (gash  veins).     The  cavities 
have  been  formed,  like  cavities  in  limestones  everywhere,  first 
by  shrinkage,  and  then  enlarged  by  the  solvent  power  of  water 
containing  CO,.     The  lead  sometimes  wholly  fills  the  shrinkage 
cracks,  but  often  these  have  been  enlarged  by  solvent  power  of 
water  to  veritable  caves.     In  such  cases  a  red  clay,  the  residue 
of  a  solution  of  impure  limestone,  is  found  associated  with  the 
ffalena  in  the  cave.***     That  lead  in  these  cases  was  deposited 
from  solution  is  certain ;  that  the  solutions  were  alkaline  sul- 
phides is  probable ;  but  that  the  solutions  were  hot  seems  im- 
probable,    (c)  Lastly,  small  cracks  produced  by  crushing  of  the 
rocks,  and  small  vacant  spaces  of  any  kind,  such  as  fossil-cavi- 
ties,  vapor-cavities,  etc.,  are  filled   by  percolating  waters  at 
ordinary   temperatures.     This  is  so  well   known  that  further 
mention  of  these  is  unnecessa^3^     These  also  may  be,  although 
they  are  not  usually,  metalliferous. 

7.  Occurrence  of  gold. — We  have  seen  that  hot  waters  con- 
taining alkaline  carbonates  and  alkaline  sulphides,  coming 
slowlv  towards  the  surface,  and  losing  heat  and  pressure, 
will  hold  in  solution  and  gradually  deposit  in  their  courses 
quartz  and  earthy  carbonates,  metallic  sulphides  and  car- 
bonates.     These   are  by  far   the  commonest  forms   of   vein 

♦Whitney's  "Metallic  Wealth,"  p.  410  et  seq.    I  can  also  confirm  this  from 
personal  observation. 
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matters.  Most  other  forms  are  accounted  for  by  subsequent 
changes  in  these.  But  there  are  some  metals  which  occur 
ID  a  native  condition,  as,  for  example,  gold,  platinum,  eta, 
learly  always;  mercury  and  silver  frequently;  copper  some- 
;imes.  It  is  well  to  observe  that  the  occurrence  in  a  native 
^ndition  is  common  just  in  proportion  to  the  feebleness 
>f  the  affinities  of  the  metal.  In  the  case  of  mercurjr,  silver 
and  copper,  it  is  almost  certain  that  the  original  condition  was 
sulphide,  and  the  native  condition  the  result  of  subsequent 
change,  the  nature  of  which  may  sometimes  be  traced.  May 
we  not  then  conclude  that  the  same  is  probably  true  also  of 
gold  and  platinum?  We  wish,  therefore,  to  apply  the  fore- 
going theory  also  to  the  genesis  of  auriferous  veins,  for  the 
occurrence  of  this  metal  is  probably  the  most  difficult  of  all  to 
account  for,  by  this  or  by  any  other  theory. 

The  conditions  under  which  gold  usually  occurs,  viz :  asso- 
ciated with  metallic  sulphides,  especially  iron  sulphide,  in  quartz 
veins,  leaves  no  doubt  that  it  also  was  deposited  from  solutions. 
Was  there  any  peculiar  solvent  diflfering  from  what  usually 
occurs  in  subterranean  waters  depositing  metals?  I  think  not. 
Gold  is  freely  soluble  in  e  solution  of  free  chlorine,  but  as  this 
ia  not  found  in  nature  it  is  not  a  probable  solvent  of  gold.  Gold 
is  also  feebly  soluble  in  salts,  especially  persalts  of  iron,  proba- 
bly forming  with  them  double  salts.  This  is  a  possible  solvent 
in  some  cases.  Again,  gold  in  form  of  sulphide  is  decidedly 
soluble  in  alkaline  sulphides,  forming  with  them  a  double  sul- 
phide. But  the  sulphide  of  gold,  like  its  oxide  and  salts,  is 
extremely  unstable,  and  on  the  slightest  provocation  gives  up 
its  sulphur  and  is  reduced  to  the  metallic  condition.  It  seems 
tome  most  probable,  therefore,  that  the  gold,  like  and  along 
with  other  metals,  was  in  solution  as  a  sulphide,  and  deposited 
at  the  same  time,  but  that  on  account  of  its  feeble  affinities  it 
gave  up  its  sulphur  to  the  alkali  at  the  moment  of  its  deposition. 
Auriferous  quartz  veins  have  been  filled,  like  other  veins,  by 
deposit  from  hot  alkaline  carbonate  and  alkaline  sulphide  wa- 
ters, holding  in  solution  metallic  sulphides,  among  which  was 
gold  sulphide.  The  deposit  took  place  probably  by  loss  of 
heat  and  pressure,  the  gold  giving  up  its  sulphur  to  the  alkali, 
either  forming  alkaline  persulphide,  or  else  displacing  carbonic 
acid  at  the  moment  of  its  deposition.  If  the  gold  sulphide  was 
the  only  metallic  sulphide  present,  then  the  gold  would  be  found 
free  in  the  pure  white  quartz,  as  is  often  the  case  in  California ; 
but  if  other  metallic  sulphides,  especially  iron  sulphide,  were 
present  in  abundance,  then  the  gola  deposited  at  the  same  time 
with  the  iron  sulphide  would  be  enclosed  in  the  lat'ter. 

We  have  preferred  to  ascribe  the  deposit  to  loss  of  heat  and 
pressure,  but  any  one  of  the  reactions  given  on  p.  5  may  accom- 


16       Joseph  LeConte — Genesis  of  MetaUiferoua  Veins. 

plish  the  same  result  For  example,  if  a  double  sulphate  c 
iron  and  gold  may  exist  in  the  presence  of  alkaline  bicarbonit 
and  alkaline  sulphide  (which,  however,  seems  more  than  doubl 
ful),  then  we  may  well  imagine  that  organic  matters  in  solutioi 
would  reduce  these  to  sulphides,  the  gold  returning  to  the  me 
tallic  condition  as  before.  Or  acids  of  organic  decompoeitioi 
might  neutralize  the  alkali  and  force  it  to  deposit  the  metalli( 
sulphides  in  solution,  the  gold  as  before  returning  to  the  metalli( 
condition. 

I  have  assumed  that  the  gold  is  in  a  native  state.  This  is  bj 
no  means  certain  in  all  cases.  Gold  exists  as  telluride,  and  maj 
exist  as  sulphide  along  with  other  sulphides.  In  that  case  th< 
difficulty  oi  explaining  the  deposit  would  be  much  less. 

These  views  are,  1  believe,  substantially  sustained  by  tht 
observations  of  Arthur  Phillips  on  there-solution  and  re-deposil 
of  gold  probably  still  going  on  in  the  deep  placer  gravels  ol 
California.  These  gravels  have  been,  and  still  are,  traversed  bj 
alkaline  waters,  certainly  alkaline  carbonate,  and  probably  alsc 
alkaline  sulphide.  The  waters  were  certainly  at  one  time,  il 
not  now,  hot ;  for  the  gravels  are  deeply  covered  with  lava 
These  alkaline  waters  dissolve  out  thcsilica  from  the  slate  bed 
rock  and  the  slate  and  volcanic  pebbles,  leaving  these  as  tough 
soapy  blue  clay  (putty  stones),  and  re-deposit  the  silica  in  theii 
course,  cementing  the  gravels  and  petrifying  the  drift-woo4* 
On  the  partially  petrified  drift-wood,  in  some  places  the  silica ii 
still  found  in  a  gelatinous  condition,  showing  that  the  process 
is  still  going  on.  That  the  same  waters  carried  iron  in  solution 
is  proved  by  the  abundant  deposit  of  iron  sulphide  on  the  drift 
wood.  That  they  also  in  some  cases  carried  gold  is  shown  bj 
the  fact  that  in  a  few  cases  the  iron  sulphide  thus  deposited 
when  dissolved  in  nitric  acid,  leaves  ^old  in  crystals,  threads 
and  scales,  like  those  found  in  true  auriferous  veins.f 

Such  are  the  phenomena.  Now  the  explanation.  Since  ir 
this  case  the  water  is  now  at  ordinary  temperature  and  moving 
nearly  horizontally,  and  therefore  not  losing  heat  and  pressure 
the  simplest  explanation  seems  to  be  as  follows:  alkaline  car 
bonate  and  alkaline  sulphide  waters,  circulating  through  tlu 
gravels,  dissolved  and  redeposited  the  silica,  cementing  tb( 
gravels  and  petrifying  the  arift  wood.  They  dissolved  al8( 
both  iron  and  drift  gold  found  in  their  course,  and  carrie( 
them  in  solution  as  sulphides  of  iron  and  gold..  Coming  ii 
contact  with  decaying  drift-wood,  the  alkali  was  neutralized  b; 
the  acids  of  organic  decomposition,  the  silica  and  the  two  me 
tallic  sulphides  were  all  deposited,  the  gold  giving  up  it 
sulphur  at  the  moment  of  its  deposition.     Or  if  it  be  possibl 

♦  Old  River  Beds  of  California,  thi^  Journal,  vol.  xix,  p.  176,  1880. 
f  Arthur  PhillipB,  Phil.  Magazine,  vol.  xliii,  p.  401,  1872. 
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(wbich  I  think  it  is  not),  that  iron  and  gold  should  exist  as  sul- 
phates in  the  presence  of  alkaline  bicarbonates  and  bisulphides, 
we  may  suppose  these  were  reduced  to  sulphides  by  organic 
decomposition  and  the  gold  set  free  as  before.  In  the  deep 
gravels  with  the  lava  cap  above,  the  slate  bed  rock  beneath  and 
soUataric  waters  flowing  between  and  depositing  silica  and 
metallic  sulphides  in  their  course,  we  have  exactly  the  phenom- 
eoa  of  metalliferous-vein-formation,  except  that  in  this  case 
the  water-way  is  horizontal.     It  is  in  fact  a  horizontal  vein. 

8.  Different  hinds  of  veins. — If  we  assume  then  as  probable  the 
main  principles  sustained  in  the  preceding  pages,  it  is  not  diffi- 
cult to  account  for  all  the  diflFerent  kinds  of  veins  described 
in  practical  works.  It  is  certain  that  metalliferous  veins  have 
been  filled  by  deposits  from  circulating  subterranean  waters. 
These  waters  may  have  been  at  any  temperature,  but  mostly  hot, 
because  these  are  the  more  powerfully  solvent.  They  may 
have  circulated  in  any  direction — up-coming,  down-going  or 
horizontally  moving — but  the  up-coming,  especially  in  volcanic 
and  metamorphic  regions,  deposit  most  aoundantly,  because 
Aev  are  hot,  under  heavy  pressure  and  usually  contain  alkaline 
carbonates  and  alkaline  sulphides. 

a.  Fissure  vetrw.— Again  :  Subterranean  waters  deposit  in 
their  courses,  i.  e.,  in  water-ways ;  but  these  subterranean  wa- 
ter-ways are  infinitely  various  in  character.  The  most  perfect 
water-ways — die  highways  of  up-coming  subterranean  waters — 
are  the  great  fissures  made  by  crust-movements.  The  fillings 
of  these  therefore  form  the  richest,  the  most  reliable  and  the 
moBt  typical.of  veins,  i.  e.,  veins  with  their  vein  stuff,  .their 
lelvajB^e  and  their  walls,  all  quite  distinct  The  clay  selvage 
which  is  so  characteristic  of  a  true  fissure  vein  is  evidently 
wall  rock  leached  of  its  silica  by  alkaline  water.  It  is  exactly 
analogous  to  the  putty  stones  of  the  deep  placers,  and  to  the 
toagh  blue  clay  found  at  Sulphur  Bank  in  the  course  of  the 
aacendiDK  solfataric  waters. 

t  Incipient  fissures — Irregular  veins. — But  crust  movements 
often  produce,  not  clear  open  fissures,  but  only  incipient  fissures, 
i.c,  slight  irr^ular  fracturing  and  loosening  of  the  rock  along 
certain  vertical  or  highly  inclined  planes.  Such  a  plane  of 
slightly  and  irregularly  fractured  ana  loosened  rock  inevitably 
becomes  a  water-way  and  by  deposit  forms  an  irregular  vein 
composed  of  lin  infinite  number  of  small  veins  branching  and 
ronning  together  again  in  all  directions,  and  enclosing  masses 
of  country  rock  between.  Many  irregular  veins  without  dis- 
tinct contmuous  wall,  like  some  of  the  cinnabar  veins  of  Cnli- 
fpmia,  and  possibly  some  so-called  segregative  veins,  come 
under  this  head. 

c  Breociaied  veins — Or  sometimes  by  repeated  back  and  forth 

Am.  Joux.  Soi.—Third  Sbribs,  Vol.  XXVI,  No.  151.— July,  1888. 
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movement,  the  rock  along  such  a  fractured  and  loosened  plane 
may  be  broken  into  small  fragments  like  rubble.  Such  a  plane 
of  shattered  rock — such  a  fissure  filled  with  rubble  of  country 
rock — ^by  deposit  forms  a  brecciated  vein,  i  e.  a  mere  rubble 
of  country  rock  cemented  with  vein  matter  often  rich  in  metals 
Examples  of  such  veins  are  not  uncommon.  In  the  Bassicl 
mines  near  Silver  Clifl;  Colorado,  the  vein  consists  of  a  rubble o 
-trachytic  rock  cemented  together  with  argentiferous  galena 
A  fine  specimen  of  this  remarkable  vein  stone,  is  now  in  thi 
University  Museum.*  In  the  carbonate  mines,  San  Francises 
district,  Beaver  Co..  Utah,  the  vein  which  is  2  feet  thick,  con 
sists  of  andesitic  breccia  with  a  cement  of  nlena.f  In  th 
Cinnabar  mine  at  Sulphur  Bank,  Lake  Ca,  Csuifomia,  the  veil 
is  a  rubble  of  shale  and  sandstone  country  rock,  oemente< 
with  silica  and  sulphides  of  iron  and  mercury,  and  the  proces 
is  still  going4 

d.  Substitution  veins. — Again  :  if  the  country  rock  be  solubk 
as  for  example  limestone,  then  the  country  rock  may  be  n 
moved  in  the  course  of  the  subterranean  waters,  and  similar  o 
different  and  less  soluble  matters  may  be  deposited  in  its  place 
These  are  substitution  veins.  In  fact  the  stalactitic  and  sts 
lagmitic  deposits  in  limestone  caves  may  be  regarded  as  subet 
tution  veins  on  a  large  scale,  the  mere  change  in  the  abandanc 
and  therefore  in  the  degree  of  saturation  of  the  waters  bavin 
determined  deposit  instead  of  solution.  For  as  the  relativ 
amount  of  suspended  matters  in  superficial  waters  determine 
whether  there  be  erosion  or  deposit  along  their  channels ;  a 
the  relative  amount  of  soluble  matters  in  subterranean  watei 
determines  whether  there  be  solution  or  deposit  along  thei 
water-ways.  The  lead  veins  of  Illinois,  Iowa  and  Missour 
and  also  of  Leadville§  come  under  this  head.  Probably  ala 
many  so-called  segregative  veins  may  come  under  this  hea< 
They  are  irregular  substitution  veins. 

e.  Contact  veins. — It   is   obvious   that   immediately  along 
plane  of  contact  between  igneous  and  stratified  rock,  or  betwee 

*  The  breed*  of  Bassick  mines  is  somewhai  similar  to  that  of  Sulphur  Ban 
It  consists  of  fragments  of  countrr  rock  sli{rhtlv-  rounded  at  the  comers  az 
edges  and  covered  with  seyeral  layers  of  metallic  sulphides.  The  evidence 
deposit  from  ascendmg  waters  is  complete.  For  an  interesting  account  I 
GrabilL  of  this  remartcable  mine,  see  Trana.  of  Am.  Institute  of  Minii 
Engintrere  for  1S82. 

-f  Becker.  1st  Ann.  Rep.  of  U.  S.  Geol.  Surv.,  p.  38. 

*  This  Jour.,  voL  xxiv.  p.  23  et  seq..  1882. 

§  At  LeadvUle  the  countrv  rock  is  a  dolomitic  limestone  with  intercalary  be< 
of  porphvritic  trachyte.  The  metals  are  supposed  to  have  been  in  the  porphy: 
in  a  finely  disseminated  conditioo.  and  to  have  been  leached  out  and  accumulati 
in  ho'.lowed-out  channels  in  the  limestone,  in  a  gangue  of  iron,  manganese  ai 
clay,  partly  or  wholly  filling  the  cavitiesw  The  ore  was  originally  in  the  form 
salphkle.  but  some  of  it  is  changed  into  oxides  and  carbonates.  Emmona,  Rep  • 
U.  S.  GeoL  Surv.  for  18S1.  pp.  203-231. 
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one  igneous  rock  and  another  erupted  at  a  different  time,  there 
will  be  a  plane  of  weakness,  and  as  such  liable  to  be  opened 
by  crust  movements.  Every  such  plane  of  weakness  will  in- 
evitably be  found  by  subterranean  waters  and  become  a  way 
of  ascent.     The  filling  of  these  form  contact  veins. 

/  Irregular  ore  deposits. — Even  porous  strata,  as  gravel  or 
sandstone  may  become  a  water-way  and  metals  may  be  widely 
and  irre^larly  deposited  in  them.  Such  deposits  in  proportion 
to  the  widenessof  their  distribution  are  poor;  but  in  many  cases 
the  water  following  certain  channels  will  deposit  more  richly  in 
irregular  streaks ;  or  else  the  deposit  is  determined  by  the  pres- 
ence of  organic  matters,  such  as  fossil  plants  or  animals,  and 
therefore  richer  in  irregularly  distributed  spots.  Such  are 
probably  the  copper  and  silver- bearing  Triassic  sandstones  of 
New  Mexico  and  Utah,*  and  the  process  is  now  reproduced  in 
the  deep  placer  gravels  as  already  explained.  It  is  not  improb-* 
able  that  some  segregative  veins  may  fall  under  this  nead. 
Even  down-percolating  waters  may  deposit  metallic  sulphides  as 
^hown  by  the  occurrence  of  these  as  stalactites  depending  from 
the  roofe  of  cavitieaf 

It  seems  unnecessary  to  explain  still  other  kinds  of  veins  or 
ore  deposits  such  as  gash  veins,  stockworks,  fahl  bands,  etc. 
which  are  minutely  described  by  practical  writers — because 
once  clearly  apprehended  the  principle  that  subterranean  waters 
deposit  everywhere  in  their  courses  when  conditions  are  favor- 
able, and  all  these  infinite  varieties  lose  their  significance. 

Thus  then,  subterranean  waters  of  any  kind,  but  especially 
alkaline,  at  any  temperature,  but  mostly  hot,  circulating  in  any 
direction,  but  mainly  up-coming,  and  in  any  kind  of  water-way, 
but  mainly  in  open  fissures,  by  deposit  form  metalliferous 
veins.  It  is  evident,  therefore,  that  the  form,  appearance  and 
mode  of  occurrence  of  veins  must  be  infinitely  various,  but  the 
mode  of  formation  is  substantially  one.  The  study  of  these 
▼arieties  may  be  and  doubtless  is,  very  important  to  the  prac- 
tical miner  and  the  mining  expert,  but  is  hereby  shown  to  be 
of  little  value  to  science  proper,  except  as  illustrations  Of  the 
one  principle. 

Berkelej,  Cal.,  March  27.  1883. 

•  CAzin,  Newberry  etc.,  Report  of  Nacemiento  Copper  Mines,  New  Mexico, 
t  Schmidt,  this  Journal,  vol.  xxi,  p.  502,  1881. 
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Art.    II.  —  Evolution   of  the  American^  Trotting    Horse ;  b^ 

Francis  E.  Nipher. 

[Retd  before  the  St  Louis  Acad,  of  Science,  May  7,  1883.] 

In  the  April  number  of  this  Journal,  Professor  Brewer  gives 
a  table  of  data  for  the  number  of  horses  capable  of  making  oi 
beating  various  speeds  ranging  from  2™  80*  to  2"*  !!•,  for  the 
series  of  yeai^  from  1848  to  1882.  The  three  variables  deter 
mine  a  surface,  having  the  equation 

N=/(«,T) 

wliere  N  represents  the  number  of  horses  capable  of  trotting  i 
mile  in  5-seconds  or  better,  and  T  represents  the  year  estimatec 
from  any  origin  in  time.  This  surface  was  constructed  fron 
the  values  given  by  Professor  Brewer,  and  it  was  at  onc< 
observed  that  for  the  lower  speeds  2"  SO*  and  2"'  27*,  the  sur 
face  was  not  continuous  with  the  other  speeds.  The  surface 
changed  abruptly  between  the  speeds  2*27  and  2*25.  This 
abrupt  change  is  perhaps  explain^  by  the  fact  that  when  2'3( 
was  called  a  fast  time,  less  general  attention  was  paid  to  breed 
ing  trotters,  so  that  N  did  not  increase  as  rapidly  as  now.  Ii 
later  years  when  such  animals  are  only  considered  valuable  aj 
roadsters  and  unfit  for  breeding  for  the  turf,  it  is  probable  tha 
an  increasing  number  has  been  lost  sight  of,  or  remain  undia 
covereil  in  private  hands. 

In  plotting  the  values  log.  N  and  T,  each  of  the  speeds  gav- 
a  straight  line,  the  lines  for  the  s{>eeds  2'SO  and  2*27  being  rep 
resented  bv  the  equation 

log.  N  =  0-075  T 

while  for  all  the  higher  speeds  we  have,  very  nearly  at  least, 

log.  N=010T 

where  for  each  line,  T  has  its  origin  at  the  intersection  of  tb 
line  with  the  time  axis.     These  lines  are  shown  in  figure  1. 

It  is  evident  l\v  iusiM*clion  that  the  values  for  2'27  and  2*8< 
are  inc\^mplet*\  as  the  linos  for  2*27  and  225  would  cross  at  th 
vear  ISSiX  indicating;  that  as  many  horses  could  mak»  2*25  o 
Wnex  as  2*27  or  better,  I  have  therefore  thought  it  imprope 
to  U5»e  the  data  for  the  sjxhxIs  2S0  and  2'27  in  the  subsequeo 
di^u^ioQ. 

Referring  now  to  the  linos  which  nei>resent  the  other  an< 
higher  sf^M^is.  it  will  be  olvs^rvo^i  that  the  intemetion  of  an; 
line  with  the  time  axis,  dotoru^ines  the  date  whoi  for  tha 
spoed^  log  X  is  2!eri>  or  N  is  1.  In  other  words  it  gives  u 
a  oakttlated  dane  when  this  speevi  may  be  supnosed  to  hav< 
kftd  its  ongin.    To  put  the  matter  in  language  haTing  no  rel 
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vence  to  real  physical  conditions,  it  determines  the  date  when 
the  unOQDt  of  horseflesh  capable  of  making  this  speed  had 


ncreased  to  one  horse.  It  is  clear  that  this  date,  based  as  it  is 
npOD  all  the  succeeding  values  through  a  series  of  years,  is 
mnch  more  reliable  than  the  date  when  some  accidentally  oocur- 
litie  trotting  match  revealed  the  fact  that  the  horse  capable  of 
nuking  the  speed  had  already  come. 

The  dates  for  the  origin  of  the  2*11  and  I'lS  speeds  cannot 
ja  be  determined  very  exactly,  and  in  the  following  discussion 
thti  is  to  be  borne  in  mind.  The  same  holds  true  for  speeds 
ffiginating  prior  to  1840,  and  the  additional  consideration  that 
the  interest  in  breeding  sucb  animals  was  much  less  general 
iben  than  now,  the  conditions  of  evolution  being  therefore  dif- 
foent,  has  caused  the  rejection  of  such  data  for  the  present 


The  following  table  gives  the  calculated  dates  for  the  origin 
of  the  varions  speeds,  where  a  represents  the  time  required  to 
trot  a  mile.     In  the  third  column  the  change  in  speed  per 

4onam  is  given,  being  calculated  in  a  well  known  manner  from 

alternate  differences  in  the  first  two  columns. 
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a» 

8 

date. 

dT 

145 

1 8540 

143 

1857-4 

0-57 

141 

18610 

0-55 

139 

1864-7 

0-50 

137 

1869-0 

0-50 

136 

1872*6 

0-43 

133 

1878-3 

0-48 

131 

1881-0 

Ik 


da 
On  plotting  the  values  of  -^  and  s,  we  get  a  somewhat 

ular  series  of  points  which,  however,  are  represented  fairl; 
by  the  equation 

This  line  is  shown  in  figure  2.     It  will  be  observed  th 
two  points,  which  are  fafthest  from  the  line,  correspond 
speeds  211  and  2*13. 

The  values  of  the  constants  in  equation  (1)  are  deteri 
by  well  known  graphical  methods  to  be 

a=:  1-289 
^=0-014 

It  is  evident  that  the  condition  giving  the  limiting  sp< 
T»=0.     This  condition  in  (1)  gives  the  maximum  spe 

which  the  American  trotting  horse  will  constantly  approx 
but  never  reach.    This  speed  is  a  mile  in  92  seconds  or  1 
Equation  (1)  can  be  put  into  the  form 

da  ,  _- 
— --  =  bdr£ 
«— L 

where  L  is  the  limiting  speed  or  j. 

This  equation  admits  of  direct  integration  as  follows : 

or  performing  the  indicated  operations 

/(«-L)=/(»„-L)+6T„-6T 
or  patting  the  absolute  term  eqaal  to  A 

/(«-L)=A— 6T 
or  finally  for  the  primitive  function 
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where  e  is  the  Naperian  base,  and  where  A  is  the  value  of 
i(#-L)  at  any  arbitrary  zero  in  time,  T  being  estimated  in 
years  from  the  same  zero.  The  following  table  contains  the 
common  logarithms  of  5— L  for  the  corresponding  dates,  and 
these  two  variables  are  also  plotted  in  figure  2. 


Year. 

*-L 

log(*-L) 

T 

(*— L)  calc. 

m. 

18540 

53 

1-724 

-  60 

52-7 

-0-3 

1857-4 

51 

1-706 

—  2-6 

50-8 

-02 

1861-0 

49 

1690 

+    1-0 

48-9 

-01 

1864-7 

47 

1-672 

+•  4-7 

47-0 

00 

1869-0 

45 

1-653 

+   90 

44-8 

-01 

1872-6 

43 

1-633 

+  126 

43-1 

+  01 

1878-3 

41 

1-613 

+  18-3 

40-5 

-0-5 

18810 

39 

1-591 

+  21-0 

39-3 

+  0-3 

2. 


1850 

Ja 


1860 


1870 


A'M^ 


0-8 
0-5 
0-4 


133 


1880  Tear, 
log  (8-L) 


1-70 


1*65 


160 


Estimating  T  from  the  year  1860  arid  taking  common  log- 
arithms, we  obtain,  by  graphical  methods,  from  the  plotted 

hne 

log  (*-.L)=l-694— 0-0047T  (6) 

Substituting  in  this  equation  the  values  of  T,  and  re-calculating 
|he  values  of  «— L  as  given  in  the  fifth  column  of  the  table,  it 
IS  seen  that  the  greatest  difference  between  the  calculated  and 
observed  values  of  5,  for  any  date  of  the  table  is  half  a  second, 
^hich  corresponds  to  an  error  of  about  a  year  in  the  date  for  a 
given  speed.  The  differences  in  the  final  column  show  that  a 
^^justment  of  the  constants  in  eq.  (5)  would  make  the  agree- 
D^ent  better,  but  at  present  it  is  hardly  worth  the  trouble,  as 
the  values  would  not  be  materially  changed. 
By  making  5— L=l  in  (5)  we  have 

1-694— 00047T=0 

or  T=860  which  is  the  number  of  years  after  1860  when  the 
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time  of  the  trotting  horse  will  be  reduced  to  within  one  secom 
of  the  limiting  value. 

It  will  be  understood  of  course  that  it  is  not  claimed  that 
the  numerical  values  here  determped  are  at  all  precise.  In 
all  probability  the  true  value,  L,  is  somewhat  larger  than  92 
seconds,  and  may  possibly  be  as  great  as  100.  This  value  can 
probably  be  determined  with  considerable  accuracy  in  the 
course  of  ten  years.  It  is,  however,  quite  clear  that  the  limit- 
ing speeds  of  trotting  and  of  running  horses,  can  dififer  at  most 
by  only  a  very  few  seconds. 


Art.  IIL — The  Burning  of  Lignite  in  situ;  by  Chables  A, 

White. 

[Published  in  advance  by  permission  of  the  Director  of  the  U.  S.  Geologicil 

Survey.] 

Tbavebsinq  those  portions  of  Colorado,  Wyoming,  Mon- 
tana and  Dakota  which  are  occupied  by  the  Laramie  Group, 
one  often  observes  that  portions  of  its  strata  which  are  ex- 
posed in  the  bluffs  and  buttes  have  a  conspicuous  brick-red 
color.  Upon  close  examination  of  at  least  a  large  part  of  these 
reddened  strata  it-is  evident  that  they  orijginally  bore  the  buff, 
bluish  or  yellowish  colors  of  their  associated  strata,  and  that 
they  have  received  their  present  red  color  from  the  same  source 
that  bricks  do,  namely,  from  heat  Also  scattered  upon  the 
slopes  and  among  the  debris  where  these  reddened  strata  exist, 
there  are  frequently  to  be  seen  masses  of  slag,  such  in  appear- 
ance as  results  from  furnace  fires  or  from  the  consumption  of 
impure  coal.  Much  of  it  is  plainly  seen  to  consist  of  partially 
fused  rock,  and  masses  are  common  which  have  the  appearance 
of  true  volcanic  lava;  to  which  source  indeed  many  persona 
have  believed  them  due. 

Dr.  Hayden  made  mention  of  these  phenomena  in  his  re- 
ports and  others  have  done  the  same  to  some  extent;  but 
probably  the  fullest  and  best  description  of  them  that  has  ever 
iDeen  published  was  given  by  Mr.  J.  A.  Allen  in  the  Proceed- 
ings of  the  Boston  Society  of  Natural  History,  vplume  xvi, 
pages  246-262. 

rrofessor  James  D.  Dana  has  also  some  important  remarks 
upon  the  subject  in  his  Mineralogy  (1880),  page  768 ;  but  my 
object  in  again  calling  attention  to  this  subject  is  to  make  some 
suggestions  as  to  the  origin  of  these  fires  and  the  time  within 
which  they  have  taken  place. 

During  my  exajnination  of  the  Laramie  Group  in  North- 
eastern Montana  last  summer  I   had  good  opportunities  for 
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oaaking  observations  upon  the  phenomena  connected  with  the 
banning  out  of  lignite  beds  there.  In  that  portion  of  Montana 
which  is  traversed  by  the  lower  portion  of  Yellowstone  River, 
the  Laramie  Group  contains  several  distinct  beds  of  lignite 
which  occur  at  irregular  intervals,  ranging  from  near  the  base 
of  the  group  to  its  summit  These  lignite  beds  vary  from 
mere  carbonaceous  seams  to  five  or  six  feet  or  more  in  thick- 
ness. Practical  tests  that  have  been  made  of  the  product  of 
many  of  the  beds  show  it  to  be  readily  combustible,  but  it  is 
not  so  durable  and  serviceable  a  fuel  as  could  be  desired.  In 
all  that  region,  not  only  in  the  valleys  but  upon  the  uplands, 
the  Laramie  strata  have  by  erosion  become  abundantly  ex- 
posed in  the  blufifs  and  bad-lands  in  and  near  the  valleys,  and 
also  in  the  knolls  and  gullies  upon  the  upland  surfaces.  Beds 
of  lignite  are  frequently  brought  to  view  in  the  larger  of  these 
exposures  and  traces  of  them  are  also  occasionally  seen  upon 
the  grassy  upland  surfaces.  Although  the  beds  have  been 
fired  at  hundreds  of  piaces  it  is  only  in  a  few  places  that  those 
which  are  now  exposed  are  seen  to  have  so  suftered  near  their 
present  exposures. 

In  several  instances,  however,  I  was  able  to  trace  within  a 
short  distance,  a  bed  of  lignite  from  a  point  where  it  was  un- 
changed and  associated  with  yellowish  and  carbonaceous  sandy 
shales  and  sandstones  both  above  and  beneath  it,  to  a  point 
where  it  had  been  burned  out.  At  such  points  the  place  of 
the  lignite  was  represented  by  a  thin  layer  of  unmistakable 
ashes  containing  masses  of  slag  which  had  resulted  from  the 
baming  of  the  lignite  together  with  impurities,  and  the  shales 
for  several  feet  in  thickness  above  and  below  had  been  reddened 
by  the  burning.  Furthermore,  I  found  at  three  different  places 
in  that  region,  a  bed  of  lignite  still  burning  beneath  the  sur- 
face. Smoke  was  given  off  through  fissures  in  the  earth  and 
the  odor  of  burning  coal  was  perceptible  at  a  considerable  dis- 
tance, fleat  was  perceptible  to  the  touch  at  the  surface  and  it 
was  too  great  for  the  hand  to  bear  when  thrust  down  into  the 
fissures  which  were  caused  by  the  falling  in  of  the  superin- 
cumbent strata  as  the  lignite  was  consumed.  The  burnedout 
Portion  near  by  presented  a  like  appearance  with  that  which 
as  just  been  described,  and  where  the  fire  had  been  long 
extinguished. 

There  beinff  no  question  as  to  the  fact  of  the  burning  of 
these  lignite  beds  beneath  the  surface,  I  endeavored  to  learn 
how  the  ignition  had  taken  place,  and  when  the  beds  began  to 
be  burned  out  There  seems  to  be  only  two  ways  in  which 
their  ignition  could  have  been  accomplished.  One  is  by  spon- 
taneous combustion  and  the  other  by  contact  at  exposed  places 
of  prairie  fires,  or  fires  caused  by   human    agency.      While 
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forest  fires  may  sometimes  have  resulted  from  lightniDg,  it  isF 
not  thought  probable  that  a  bed  of  lignite  in  situ  could  be 
thus  ignited.  I  believe  that  in  a  great  majority  of  the  cases 
ignition  has  taken  place  spontaneously,  like  that  which  is  often 
seen  in  progress  in  the  piles  of  refuse  coal  that  collect  about 
the  mouths  of  coal  mines ;  and  yet  it  is  probable  that  in  some 
cases  the  firing  has  been  caused  by  the  burning  of  grass  and 
other  vegetation  upon  the  adjacent  surface,  caused  by  human 
agency. 

Although,  as  already  stated,  beds  of  lignite  are  still  burning 
at  a  few  localities,  there  is  evidence  that  of  the  many  thou- 
sands of  cases  of  such  burnings  that  are  known  to  have  oc- 
curred, a  large  part  of  them  are  very  ancient,  probably  more 
ancient  than  the  artificial  introduction  of  fire  upon  the  conti- 
nent. 

The  great  erosion  that  the  strata  of  the  Laramie  Group  have 
everywhere  suff'ered,  even  in  regions  where  they  have  been 
little  disturbed,  has  already  been  referred  to.  upon  the  up- 
lands of  the  region  examined  by  me  last  summer  numerous 
buttes  and  knolls  occur  upon  the  very  summits  of  which  are 
little  patches  of  the  heat- reddened  shales,  and  the  slopes  of 
which  are  strewn  with  the  slag  of  former  lignite-fires.  These 
are  evidently  the  only  remaining  traces  of  beds  of  lignite  that 
once  existed  at  or  above  the  horizon  of  the  tops  of  these  knolls. 
Furthermore,  on  the  upland  surfaces  more  or  less  distant  from 
such  knolls,  one  often  meets  with  masses  of  the  well-known 
slag  which  could  have  been  transported  there  by  no  known 
agency,  but  which  have  doubtless  settled  down  from  the 
horizon  where  they  were  produced  by  burning  lignite,  as  the 
surface  was  afterward  lowered  by  erosion.  These  examples  do 
not  occur  where  erosion  has  been  most  rapid,  but  on  the  con- 
trary they  are  where  the  minimum  rate  of  erosion  has  occurred. 

Such  examples  seem  to  prove  conclusively  the  great  an- 
tiquity of  many  of  these  lignite-fires,  and  if,  as  is  supposed, 
these  fires  toolk  place  by  spontaneous  combustion  as  the  beds 
of  lignite  became  by  erosion  successively  exposed  to  atmo- 
spheric influence,  there  is  no  necessity  for  consiaering  the  limit 
of  their  antiquity  with  reference  to  human  agency  in  the  pro- 
duction of  fire.  Indeed,  taking  this  view  of  the  matter  there 
appears  to  be  no  reason  why  the  earliest  of  these  fires  in  the 
Laramie  lignites  may  not  have  occurred  as  early  as,  if  not 
earlier  than,  later  Tertiary  time. 
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Abt.  IV. — On  the  Paramorphic  Origin  of  the  Hornblende  of  th& 
OrystcUline  Bocks  of  the  Northwestern  States;  by  R  D.  Irving* 

• 

Thb  crystalline  rocks  of  the  northwestern  States  belong  to* 
the  Archaean  formations  and  to  the  Keweenaw  or  Copper-Bear- 
iDg  Series.  The  hornblende-bearing  kinds  are  distributed 
among  the  three  general  classes  of  (l)  crystalline  schists,  (2} 
granites  and  syenites,  and  (3)  greenstones — >>the  last  term  being 
used  lo  cover  all  the  basic  mnssive  rocks. 

Crystalline  schists. — The  hornblende-bearing  crystalline  schista 
are  hornblende-gneisses  and  hornblende-schists.  The  horn- 
blende-gneisses are  much  more  abundant  in  this  region  than 
troe  mica-gneisses,  although  the  latter  not  unfrequently  occur. 
Transition  forms,  in  which  hornblende  and  mica  are  associated 
in  all  proportions,  are  more  common,  however,  than  kinds, 
without  any  hornblende.  The  hornblende-schists  are  merely 
more  highly  lamellar  and  fine  grained  varieties  than  usual  of 
the  gneisses  into  which  they  grade.  These  schists  present  a 
groandmass  of  fine  particles  of  quartz,  often  with  some  ortho- 
dase,  carrying  relatively  large  ana  generally  predominant  horn- 
blende grains.  Transition  forms  between  the  homblende-schist& 
and  true  mica-schists  (biotite-schists)  also  occur. 

During  the  last  three  yearl  I  have  examined  a  large  number 
of  sections  of  these  hornblendic  gneisses  and  schists,  coming; 
from  the  Flambeau*  River  region  in  northwestern  Wisconsin, 
from  the  upper  Wisconsin  Valley  f  in  central  Wisconsin,  from, 
the  Menominee  River  region  in  northeastern  Wisconsin,  from 
the  Penokee  region  f  of  northern  Wisconsin,  and  from  the 
Mississippi  Valley  in  Minnesota.  In  the  larger  number  of 
these  sections  augite  occurs,  either  as  a  prominent  accessory,  or 
eyen  as  a  dominant  chief  ingredient.  Moreover,  as  was  first 
shown  by  Mr.  C.  R  Vanhise,  who  did  most  of  the  work  in  the 
examination  of  the  sections  from  the  Wisconsin  Valley,  both 
hornblende-gneisses  and  hornblende-schists  graduate  into  kind& 
in  which  augite  completely  replaces  the  hornblende.  Along  the 
Wisconsin  River  and  several  of  its  tributaries  in  southern  Lin- 
coln and  western  Marathon  counties,§  augitegneisses  and  augite- 
schists  are  prominent  rocks.  Even  in  the  mica-gneisses,  when- 
ever hornblende  appears  as  an  accessory,  augite  is  met  with 
alaal    The  hornblende  of  all  these  schists  is  the  more  common 

♦Geology  of  Wiaconsin,  iv,  p,  617, 

t'CryBtalline  Rocks  of  the  Wisconsin  Valley,"  by  R.  D.  Irving  and  C.  R. 
Vanhise.    Geology  of  Wisconsin,  iv,  pp.  627-704. 
}  Geology  of  Wisconsin,  iii,  pp.  92-99. 
JGeology  of  Wisconsin,  iv,  pp.  692-696,  702-707. 
JGeology  of  Wisconsin,  iv,  pp.  628,  631-636,  640-642. 
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variety,  yielding  greenish  sections,  bot  it  shows  all  gradations 
from  the  fibrous  forms  generally  r^arded  as  characteristic  of 
aralite,  to  large,  non-fibroas,  strongly  cleaved,  and  deeply  col- 
ored crystals. 

The  first  to  notice  aagite  in  any  of  the  northwestern  crystal- 
line schists  was  Dr.  A.  Wichman,  who  in  the  third  volume  of 
the  Geology  of  Wisconsin  announces  its  occurrence,  in  a  va- 
riety near  to  sahlite,  in  the  hornblende-schists  of  the  Huronian 
of  the  Menominee  and  Marquette  r^ons  of  Wisconsin  and 
Michigan  *  He  also  noted  its  occurrence  in  a  few  sections  of 
gneiss  and  mica-schist  Kalkowsky,  however,  had  already, 
made  the  same  observation  on  certain  European  gneisses  and 
mica-schists.t  Shortly  after  the  appearance  of  Wichman's 
publications  I  studied  the  Flambeau  River  schists  above  men- 
tioned and  found  them  to  be  identical  with  those  described  by 
him  from  the  Menominee  region,  save  that  in  some  sections  the 
augite  assumes  a  greater  importance.  My  suspicions  were 
then  aroused  that  all  the  hornblende  of  these  rocks  might  be 
but  a  paramorphic  product  of  the  augite,  and  when,  somewhat 
later,  I  came  in  conjunction  with  my  assistant  Mr.  Vanhise  to 
study  a  suite  of  specimens  representing  a  large  area  in  the 
Wisconsin  Valley,  I  was  on  the  outlook  for  evidence  on  this 
int.  We  soon  found  my  suspicions  abundantly  confirmed, 
or  not  only  did  we  find  augite  occurring  almost  universally  in 
the  hornblendic  gneisses  and  sch^ts  of  this  region,  and  even 
wholly  replacing  the  hornblende,  as  above  stated,  but  a  num- 
ber of  sections  were  observed  in  which  the  augite  distinctly 
occurs  as  cores  to  the  hornblende,  which  is  at  times  fibrous 
like  uralite,  but  oftener  is  without  fibrous  character. 

OraniUs  and  Syenites.X — ^The  granites  of  this  region  are  in 
considerable  part  merely  dependencies  of  the  gneisses,  but  irr^- 
ular  areas  of  massive  granite,  plainly  of  an  eruptive  nature,  also 
occur.  These  are  sometimes  mica-granites,  but  are  also  often 
hornblendic.  Nearly  all  sections  yet  studied  of  the  latter  kind 
of  granite  show  augite  as  well  as  hornblende,  and  frequently  in 
the  shape  of  cores  to  the  hornblende,  which  appears  not  only 
of  the  uralitic  and  ordinary  green  varieties,  but  also  in  the  kind 
known  as  basaltic,  which  yields  characteristic  dark-brown,  very 
deeply  absorptive  sections. 

A  prominent  instance  of  a  granite  containing  hornblende  is 
the  coarse-grained  rock  of  Big  Bull  Falls  on  the  Wisconsin  River, 
The  following  is  quoted  from  a  summary  description  of  the 

*  Geology  of  Wisconsin,  iii,  pp.  606,  620,  628,  etc. 
j^Tschermak's  Min.  MittheQiingen,  1876.  p.  46. 

T  These  terms,  as  ajso  those  applied  to  the  massive  rooks  below,  are  used  in  ac< 
Unce  with  the  Rosenbnsch  nomenclature. 
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microscopic  cbaracters  of  this  granite^repared,  after  the  study 
of  a  number  of  thin  sections,  by  Mr.  V  anhise.* 

"These  rocks  are  all  very  much  alike  in  their  chief  charac- 
teristics.    The  feldspars,  which  are  always  a  good  deal  decom- 
posed, are  in  all  cases  the  dominating  constituents.     The  three 
species — orthoclase,  oligoclase  and  microcline — are  always  pres- 
ent, the  latter  being  usually  the  most  abundant  one.     Apatite 
is  present  in  all  the  sections,  though  varying  greatly  as  to  size 
ana  number  of  crystals.     It  is  a  constant  inclusion  in  the  feld- 
spars, and  is  also  often  to  be  seen  in  the  quartz,  diallage  and 
bornblende.     The  quartz,  except  in  two  or  three  slices,  is  a 
subordinate  ingredient.     Both  primary  and  secondary  quartz 
appear  to  occur.     Apparently  primary  are  the  large  integral 
grains  filling  interstices  between  the  other  ingredients;  but  in 
some  sections  a  portion  of  the  quartz  is  arranged  within  the 
feldspars  in  such  a  way  as  to  suggest  its  secondary  nature  or  at 
least  ita  deposition  after  a  certain  amount  of  decomposition  had 
affected  the  feldspars.     The  augitic  ingredient  in  most  cases  is 
plainly  diallage,  and  all  that  does  not  show  the  characteristic 
clea^vage  of  diallage  is  much  decomposed.     The  diallage  occurs 
both  independently,  and  even  quite  without  any  associated 
hornblende  in  the  slice,  and  also  in  the  shape  of  cores  to  uralite 
or  bornblende  individuals.     It  appears  probable  that  all  the 
ftmphibole  is  an  alteration-product  of  the  diallage.    In  support 
of  this  position  are  the  following  facts :  The  hornblende  occurs 
both  as  greenish  fibrous  uralite,  enveloping  centers  of  diallage^ 
and  also  in  the  shape  of  ordinary  basaltic  hornblende  without 
included  diallage,  and  with  the  characteristic  color,  cleavage  and 
dichroism.     Again,  the  latter  kind  of  hornblende  occurs  as  a 
ncxere  border  about  a  diallage  center,  and  from  this  condition  in 
^very  stage  of  placement  up  to  the  complete  disappearance  of 
the  diallagcf    Jrinally,  both  uralite  and  basaltic  hornblende  are 
foundy  not  only  with  a  single  core  of  diallage  to  each  crystal, 
but.with  several  or  many  spots  of  the  original  mineral." 

True  syenites,  that  is,  massive  granular  rocks  composed  of 
iiornblenae  and  orthoclase  as  chief  constituents,  seem  to  be  very 
rare  in  the  Archsean  of  the  northwest  Wichman  only  has 
dwcribed  one  or  two  instances  from  the  Marquette  region  of 
Michigan.  Among  the  Keweenawan  eruptives,  however,  there 
is  a  peculiar  kind  of  granite-like  rock  composed  chiefly  of  red 
feldspars,  including  a  triclinic  kind  which  is  apparently  near 
oligcKslase,  as  well  as  the  predominating  orthoclase,  but  in  which 
A^te  also  occurs  in  suDordinate  quantity,  so  that  I  have  else- 

*Ge6L  of  Wia.,  iv,  p.  662. 

to.  W.  HawBs  has  described  and  figured  a  limilar  relation  between  augite  and 
MMMltic  hornblende,  in  Ihe  Lithology  of  New  Hampshire,  pp.  67,  206;  and  Plate 

■^4  ~g»    A. 
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where  described  them  under  the  name  of  an^te-syeDite.*  Ir 
most  sections  of  these  rocks  quartz  is  present,  and  in  the  mon 
distinctly  granite-like  kinds  may  be  of  a  primary  nature,  bat  mos 
of  it  is  plainly  secondary,  or  at  all  events  has  been  depositee 
after  the  crystallization  and  solidification  of  the  rest  of  the  rock 
The  augite  of  these  rocks  is  always  in  very  subordinate  quan 
tity :  it  is  nearly  always  very  much  altered,  the  more  ordinar 
forms  of  alteration  being  to  a  mass  of  nearly  opaque  ferri 
oxide.  In  some  cases,  however,  the  change  has  been  to  a  tru 
hornblende  or  uralite. 

Greenstones, — The  greenstones  of  the  r^on  in  question  ma; 
be  divided  as  to  their  mineralogical  composition  into  the  fou 
groups  of  peridotite,  gabbro,  diabase  and  diorite;  and  as  t 
their  geological  relations,  into  the  three  groups  of  Laurentian; 
Huronian  and  Keweenawan  greenstones^ 

All  four  of  the  forms  of  greenstone  mentioned  are  met  wit 
intersecting  the  older  gneisses,  much  the  most  common  bein 
the  diabases.  The  pendotites,  since  they  never  have  bee 
found  to  carry  hornblende,  do  not  need  to  be  considered  hen 
Hornblende  has,  however,  been  met  with  in  the  gabbros  and  i 
every  case  yet  studied  it  is  plainly  derived  from  augite  or  dia 
lage.^  The  diabases  include  both  olivine<&ee  ^nd  oliviniti 
kinds,  the  sections  so  far  as  examined  being  usually  free  froi 
hornblende,  but  whenever  this  mineral  occurs  it  is  alwaj 
plainly  altered  augite.  The  diorites  are  not  common,  the  onl 
sections  thus  far  examined  coming  from  Sib  Siver  in  the  wes 
em  part  of  Marathon  county,  Wisconsin.^  (N.  W.  J,  Sec.  2< 
T.  29,  R  5  K)  These  represent  a  coarse-grained  rock  whic 
may  be  seen  macroscopically  to  be  composed  essentially  of  dart 
green  lustrous  hornblendes,  and  large-sized  feldspars  which  of  te 
show  striations.  In  a  thin  section,  however,  a  large  number  c 
the  hornblendes  are  seen  to  contain  cores  of  augite  or  diallag 
often  several  cores  in  a  single  individual. 

The  greenstones  or  basic  massive  rocks  of  the  Huronia 
have  been  studied  microscopically  in  the  Marquette  and  Men< 
mi  nee  resrions  bv  Wichman.l  I  have  mvself  studied  them  i 
the  Penokee  region  of  northern  Wisconsin,  and  in  the  Thund< 
Bay.  Pigeon  River  region  of  the  north  shore  of  Lake  Superio 

•  Third  Ansuai  Rep.>rt  of  tfee  Pirecior  ot  the  U.  S.  Geological  Surrey,  p.  1 1 
also  •-h's  •*  •"opper-Bearlinar  Rocks  of  Lake  Superior.**  roL  r.  Mooogra{^iic  aeiiee 
die  pubiicaci.'  as  of  she  U.  S.  G^oL  Sunrej.  This  name  is  uodatLsfaclofT.  nan 
cl.e  rode  is  in  the  main  eoa:po«ed  of  feldspars,  usuallr  more  or  lass  corroded  1 
qcartz.  Ic  graties  chrou^  ^emi-porphrricic  kinds,  which  mi^rht  perhaps  be  caU 
zran  Qc-pcrphvrj.  in  so  cme  quartz-pcrphTrr.  But  I  am  reluctant  to  coin  a  IM 
name 

^  The  term  La^ir^crian  i:»  here  :::?e<i  proTisionaily  onij  to  corer  those  gneisi 
and  schi;«cs  whioh  ^errm  piaiTiIy  oM^^r  than  the  Hurt^nian. 

♦  GeoL  of  WT5^  iv.  pp.  TOI.'tI"'.  Til.  g  Geol.  of  Wis.,  ir,  ppL  6SS,  €99. 
I  t^eoL  of  Wis,,  ii:.  pp.  »515.  i5tI-«>30. 
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•where  they  occur  on  a  grand  scale  in  what  has  been  called  by 
Hunt  the  "Animikie  Group."  This  group  has  been  described 
ty  Logan,  Bell  and  others  as  the  lower  part  of  the  Copper-bear- 
ing series,  and  by  Hunt  as  much  newer  than  the  latter  series, 
but  it  is  plainly,  as  I  have  elsewhere  tried  to  show,*  the  exact 
«joivalent  of  the  Huronian  of  the  Penokee  region,  and  of  the 
south  shore  of  Lake  Superior  generally.  In  the  Huronian  of 
the  Menominee-Marquette  region  the  greenstones  include  all 
of  the  four  types  above  named,  but  the  diabases  are  by  far  the 
most  important,  occurring  not  only  in  dike  form,  but  also  in 
the  shape  of  inter-bedded  flows.f  Hornblende  occurs  in  some 
of  these  diabases  as  an  unimportant  accessory,  and  although 
Wichman  failed  to  show  its  paramorphic  origin,:j:  in  the  few 
sections  that  I  have  myself  seen  this  mineral  is  plainly  of  a 
secondary  nature.  In  the  dioriies  of  this  region,  however, 
Wichman  found  augite  crystals  moreor  less  completely  changed 
to  homblende.§  Greenstones  are  rarer  in  the  Penokee  Huronian 
than  in  that  of  the  Menominee  region,  and  have  as  yet  been  only 
imperfectly  studied  microscopically,  most  of  the  work  upon  them 
having  been  done  some  years  since,  before  any  suspicion  of  a 
paramorphic  origin  for  the  hornblende  was  entertained.  So 
kras  later  investigations  have  progressed  the  indications  are 
that  the  hornblende  of  these  rocks  also  is  secondary. 

The  greenstones  of  the  Animikie  jgroup  are  displayed  in  a 
magnificent  way  along  the  shores  of  Thunder  Bay,  and  inland 
to  the  west  and  north  from  there,  occurring  both  in  dikes  and 
in  great  interbedded  sheets.  These  greenstones  include  several 
varieties  of  gabbro  and  several  of  diabase,  which  I  have  else- 
where described.!  Hornblende  is  not  often  met  with  in  sections 
of  these  rocks,  but  when  occurring  seems  always  to  be  beyond 
question  secondary. 

The  Keweenawan  greenstones  include  several  varieties  of 
each  gabbro  and  diabase.  I  have  described  them  in  detail 
elsewneraT  Hornblende  on  the  whole  is  unusual  in  any  of 
these  rocks,  but  when  it  occurs  it  is  almost  invariably  uralite  ; 
that  is,  plainly  secondary  to  augite  In  the  sections  of  one 
unusual  variety  of  gabbro  met  with  in  Ashland  County,  Wis- 
consin, which  I  have  described  as  hornblende-gabbro,**  in  place 
of  the  ordinary  uralite,  or  in  addition  to  it,  there  occurs  a  deep 

*  Third  Annual  Report  of  the  Director  of  the  U.  S.  Geol.  Survey,  pp.  159-163. 
Also  "Copper-Bearing  Rocks  of  Lake  Superior,"  pp.  367-386. 

f  These  interbedded  diabases  of  the  Huronian  have  been  described  by  Brooks 
And  others  as  metamorphic,  but  there  can  I  think  be  no  question  as  to  their 
eraptiye  origin.  X  Gr©ol-  of  Wis.,  iv,  p.  607. 

§  G€ol.  of  Wis.,  iii,  p.  628. 

[Third  Annual  Report  of  the  Director  of  the  Ij".  S.  Geological  Survey,  pp. 
157-163;  also,  more  completely  in  my  memoir  on  the  Copper- Bearing  Rocks  of 
Lake  Superior.  ^  op.  cit. 

*♦  Copper-Bearing  Rocks  of  Lake  Superior,  pp.  56-58. 
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brown  intensely  absorptive  basaltic  hornblende.  Pumpellj 
first  described  this  rock  in  the  third  volume  of  the  Geology  of 
Wisconsin,  under  the  name  of  augitediorite,*  this  name  being 
given  becaiise  he  regarded  the  hornblende  as  primary  and  the 
rock  as  intermediate  between  diabase  and  diorite.  In  the  same  \ 
volume  I  suggested  that  the  hornblende  was  secondary  and 
that  the  rock  was  merely  an  altered  gabbro.t  This  opinion  I 
find  sustained  by  a  re-examinalion  of  Pumpelly's  sections,  and 
by  the  study  of  a  number  of  new  sections  The  hornblende  ig 
found  in  every  stage  of  growth  from  an  augite  crystal,  with  a 
slight  border  of  hornblende,  to  a  completed  crystal  without 
trace  of  augite.  . 

Thus,  after  an  examination  of  about  a  thousand  thin  sec* 
tions  representing  the  crystalline  schists,  acid  eruptives  and 
basic  eruptives  of  a  region  some  four  hundred  miles  in  length 
by  800  m  width,  and  of  three  distinct  geological  systems,  I 
have  found  no  hornblende  that  is  not  either  clearly,  or  very 
probably,  secondary  to  augite. 

February  1,  1883. 


Art.  v. —  The  Bishopville  and  Waterville  Meteorites  ;  by  M.  EL 

Wadsworth. 

1.    7  he  Bishopville  Meteorite. 

The  meteorite  which  fell  at  Bishopville,  South  Carolina, 
March,  1843,  has  been  regarded  as  an  interesting  and  peculiar 
one.  Professor  C.  U.  Shepard  in  1846  (this  Journal,  II,  ii, 
380-381),  described  from  it,  under  the  name  of  chladnite,  a 
mineral  which  he  regarded  as  a  tersilicate  of  magnesia,  and  as 
forming  over  two-thirds  of  the  stone.  The  color  was  snow- 
wliite,  rarely  tinged  with  gray.  Luster  pearly  to  vitreous,  trans- 
lucent. H.  6-6*5 ;  sp.  gr.  3*116.  Fuses  without  difl5culty  before 
the  blowpipe  to  a  white  enamel.  He  further  describes  as 
apatoid  some  very  rare,  small,  yellow,  semi-transparent  grains, 
having  a  hardness  of  5*5.  A  third  mineral  which  he  named 
iodolite  was  of  a  pale  smalt-blue  color,  vitreous  lust6r,  brittle. 
Hardness  5'5-6.  Fuses  easily  with  boiling  into  a  blebby,  color- 
less glass.     This  was  found  only  in  a  small  quantity. 

Later,  Shepard  gave  a  fuller  account  of  this  stone,  holding 
that  it  contained  chladnite  ninety  per  cent,  anorthite  six  per 
cent,  nickeliferous  iron  two  per  cent,  and  two  per  cent  of  mag- 
netic pyrites,  schreibersite,  sulphur,  iodolite  and  apatoid.  The 
chladnite  was  analyzed  and  the  results  will  be  given  below. 
(Ibid.,  1848,  II,  vi,  411-414). 

*p.  36.  tPl'^0. 
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The  stone  was  next  investigated  by  W.  Sartorius  von  Wal- 
tershausen.     He  described  it  as  chiefly  made  up  of  a  white  sili- 
ceous mineral  forming  a  finely  crystalline  mass,  with  here  and 
;h€re  little  points  showing  metallic  luster,  also  grains  of  mag- 
letite  and  brown  oxide  of  iron.     The  hardness  of  the  white 
nineral  was  given  as  six,  and  the  specific  gravity  as  3*089. 
3is  analysis  is  given   below.     His  results  indicated  that  the 
iiliceons  portion  of  the  meteorite  was  composed  of  950 11  per 
jent  of  chladnite  and   4*985   per  cent  of  labradorite.      The 
lormer  he  found  to  be  monoclinic  and  related  to  wollirstonite 
in  specific  gravity,  color,  texture,  hardness  and  crystalline  form 
[Ann.  Chem.  Pharm.,  1861,  Ixxix,  869-870).     Later  Professor 
J.  Lawrence  Smith  stated  that  from  some  of  his  investigations 
**  cbladnite  is  likely  to  prove  a  pyroxene"  (this  Journal,  1855,  II, 
xix,  168);  and  in  time  he  published  a  further  discussion  giving 
an  analysis  which  will  be  found  below.     As  a  conclusion  from 
bis  results  he  said  of  chladnite:  **  It  is  identical  in  composition 
with  EnstaiiUoi  Kenngott"  (ibid.,   1864,  xxxviii,  225,   226). 
Earlier  than  Smith's  last  paper,  some  investigations  were  made 
upon  this  meteorite  by  Professors  Carl  Rammelsberg  and  Gus- 
tav  Rose.      The  former  held   that  the  yellowish-brown   and 
bluish-gray  particles  (the  apatoid  and  iodolite  of  Shepard)  arose 
from  the  oxidation  of  the  nickeliferous  iron  or  the  alteration 
of  the  pyrrhotite. 

The  analysis  of  Rammelsberg  is  here  given  in  connection 
with  those  of  Shepard,  Waltershausen,  and  Smith. 
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Bose's  examination  showed  that  the  chladnite  fused  before 
the  blowpipe  only  on  the  edges  to  a  white  enamel  (Abhandl. 
Berlin.  Acad.,  1863,  pp.  117-122).  Rammelsberg,  in£the  con- 
tinuation of  his  work,  later  declared  that  no  feldspar  was  to  be 
found  in  the  stone  (ibid.,  1870,  pp.  121-123). 

Through  the  courtesy  of  Mr.  John  Cummings  and  the  Cura- 
tor of  the  Boston  Society  of  Natural  History,  I  have  been  per 
mitted  to  make  a  microscopic  examination  of  a  small  portion 
of  this  meteorite  now  deposited  in  the  collection  of  that  society. 

Am.  Joub.  Soi.— Thibd  Sbbiss,  Vol.  XXVI,  No.  151,— July,  1888. 
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The  portion  examined  is  a  grayish-white  mass  resembling,  t 
Sliepard  remarked,  a  grayish- white  granite  (albitic),  with  brow 
and  black  spots.  Under  the  microscope  it  is  seen  to  be  ood 
posed  of  an  entirely  crystalline  mass  of  enstatite,  augite,  fel( 
spar,  olivine,  pyrrhotite  and  iron.  The  structure  is  essential! 
granitic,  and  it  appears  to  belong  to  the  gabbro  (norite)  variet 
of  the  basalts  as  defined  by  myself  in  "  Science"  for  March  dti 
1883. 

The  enstatite  is  clear  and  transparent.  It  shows  a  longi 
tudinal  cleavage  parallel  to  the  line  of  extinction,  and  in  8om( 
specimens  this  is  crossed  by  a  cleavage  at  right  angles.  It  alsc 
has  a  cleavage  which  is  often  well  marked  and  breaks  th^ 
mineral  into  rhombic  forms  with  angles,  as  approximate!; 
determineii  by  several  measurements,  of  73°  ana  107®.  The 
principal  cleavage  is  parallel  to  the  longer  diagonal  of  theae 
rhomt^.  It  is  this  rhombic  cleavage,  probably,  which  has  led 
observers  to  believe  that  chladnite  crystalliz^  in  the  mona 
clinic  or  triclinic  svstems. 

The  enstatite  is  found  to  contain  many  glass  inclusions  witl 
polyhedral  outlines,  the  planes  being  presumably,  as  is  usual  in 
such  cases,  the  planes  of  the  inclosing  mineral  While  many  are 
arranged  in  the  enstatite  parallel  to  the  cleavage  planes,  otheR 
are  placed  at  every  angle  with  those  planes.  The  glass  inclu- 
sions  carry  bubbles,  microlites  and  rounded  lenticular  forma 
The  last  are  frequently  at  the  end  of  the  inclusion,  and  in 
some  cases  show  the  cherry-brown  color  of  some  chromite 
This  material,  besides  forming  inclusions  in  the  glass,  is  in  leD- 
ticular  and  irregular  rounded  grains  in  the  enstatite  itself  It 
sometimes  extends  in  a  series  of  grains  across  the  entire  ensta- 
tite mass  and  at  others  is  in  isolated  forms.  These  inclusions 
microc^copically  are  seen  to  be  composed  of  a  center  of  nickel- 
iferous  iron  or  pyrrhotite,  surrounded  by  a  band  of  dark  material, 
chromite  or  magnetite  possibly.  These  ferruginous  materialfl 
are  in  many  oases  surrounded  by  a  yellowish-brown  staining 
of  iron  which  sometimes  extends  over  a  considerable  pordon  oi 
the  muss  and  along  the  fissures.  Along  one  plane  in  the  en- 
statite numerous  vacuum  or  vapor  cavities  were  observed. 
The  inclusions  are  seen  to  be  crossed  and  cut  by  the  cleavage 
and  fissure  planes  of  the  enstatite,  showing  that  they  were  ol 
prior  origin  to  the  fissures. 

The  feldspar  stands  next  in  abundance  to  the  enstatite  and  i 
in  irregular  masses  held  in  its  interspaces.  It  is  water-clear 
and  almost  invisible  by  common  transmitted  light  Much  o 
it  is  seen  to  be  pla«ioclastic :  but  the  twinning  bands  are  a 
exceedinglv  fine  and  the  polarization  colors  so  bright  it  doc 
mA  as  a  role  show  well  this  character,  except  with  high  powei 

■  when  the  mineral  is  near  the  point  of  extinction.     Tli 
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ildspar  contains  numerous  yellowish-brown,  dark  and  almost 
^lorless  inclusions,  sometimes  irregularly  scattered  but  more 
Dmmonly  arranged  along  planes  like  the  fluid  inclusions  m 
uartz.  These  glass  inclusions  are  of  various  dimensions  and 
lany  contain  a  small  bubble.  Some  microlites  were  also  seen. 
In  the  feldspar  at  one  end  of  a  section  the  enstatite  was 
ound  in  minute  crystals  extending  outward  from  a  center 
onning  stellate  or  rosette-like  forms.  The  structure  is  like 
hat  observed  in  terrestrial  rocks  in  minerals  formed  from 
Jteration  or  solution.  This  apparently  might  have  been  pro- 
iuced  in  this  case,  either  by  the  rapid  crystallization  of  enstatite 
material  of  a  liquid  feldspathic  mass,  or  by  secondary  alteration 
through  water  action  on  the  rock  itself.  The  absence  of  any 
other  signs  of  alteration,  except  in  the  ferruginous  materials, 
seems  to  negative  the  latter  supposition.  The  ferruginous 
alteration  can  probably  be  accounted  for  by  the  absorption  of 
moisture  by  this  friable  fissured  stone  since  it  reached  the  earth. 
The  bands  of  inclusions  were  seen  in  several  instances  to  ex- 
tend from  the  feldspar  through  the  enstatite,  and  in  one  case 
pass  into  another  feldspar  on  the  opposite  side.  This  indicates 
that  the  cause  of  these  inclusions  was  a  general  one  for  the  rock 
mass,  and  not  limited  to  any  one  mineral.  The  enstatite  was 
found  in  a  few  cases  inclosed  in  the  feldspar. 

The  monoclinic  pyroxene  or  augite  is  less  abundant,  and  its 
determinatiou  less  sure  than  is  the  case  with  the  enstatite  and 
feldspar.  It  is  crossed  by  fissures  in  a  very  irregular  manner, 
but  snows  in  some  cases  the  approximately  right  angled  cleav- 
age of  augite.  In  its  optical  characters  it  resembles  that  min- 
mi]  but  its  polarization  is  more  brilliant  than  that  of  terres- 
trial augite  and  resembles  that  of  olivina  All  the  transparent 
minerals  of  the  section  are  clearer  and  lighter  colored  than  their 
mnndane  representatives  and  hence  tend  to  show  in  polarized 
light,  clearer  and  more  brilliant  colors.  The  augite  is  not 
lK)wever  so  water-clear  as  the  enstatite,  but  has  a  very  faint 
tinge  of  yellowish-green.  The  ferruginous  inclusions  are  the 
same  in  this  as  in  the  enstatite. 

The  determination  of  the  olivine  is  more  doubtful,  since  it 
only  appears  in  small  irregular  grains  and  masses,  which  hold 
a  similar  relation  to  the  other  minerals  that  the  olivine  of  ter- 
restrial gabbros  usually  does.  From  this  and  the  fact  that 
optically  these  masses  are  like  olivine,  they  are  referred  to  that 
mineral. 

This  stone  in  its  mineralogical  composition,  its  structure, 
babble-bearing  glass-inclusions,  and  microlites  is  like  terrestrial 
eruptive  rocks  and  it  is  presumable  that  it  had  a  similar  origin. 
\I  the  common  methoas  of  lithological  nomenclature  were 
bllowed  by  the  writer  it  would  be  proper  for  him  to  give  this 
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rock  a  name  as  a  rock  species,  but  in  accordance  with  the  pr 
ciples  of  his  classification  he  prefers  to  regard  it  as  belonging 
the  gabbro  variety  (norite)  of  basalt ;  for  he  holds  to  the  esa 
tial  unity  of  the  universe  and  sees  no  necessity  of  employ! 
different  names  according  as  the  rock  comes  from  above 
below. 

From  the  description  of  the  mineral  constituents  of  tl 
meteorite  it  would  seem  that  regarding  the  presence  of  t 
feldspar,  Messrs.  Shepard  and  Waltershausen  were  correct  wh 
Rammelsberg  was  not.  This  shows  the  inability  of  the  abl< 
mi neralogical  chemists  to  draw  correct  conclusions  regardi 
the  mineral  constituents  even  of  an  unaltered  rock.  T 
trouble  appears  to  reside  with  the  instrument  employed 
that  is,  with  a  defect  in  the  method.  Chladnite  ought  no  lonj 
to  be  regarded  as  enstatite  of  the  purest  kind  as  stated  in  m< 
mineralogies  but  rather  as  a  mineral  aggregate  of  which  enstati 
feldspar  and  augite  are  the  principal  constituents. 

While  these  observations  give  an  approximate  solution 
the  Bishopville  meteorite  puzzle  of  twenty-seven  years  star 
ing,  it  would  be  well  if  some  one  having  larger  amounts  oft! 
meteorite  at  their  disposal  could  make  a  chemical  analysis  of 
as  a  whole,  and  also  analyze  the  minerals  by  the  modern  mici 
scopic — specific  gravity — chemical  method.* 

2.   The  WaterviUe  Meteorite,^ 

At  about  midnight,  sometime  in  Sept,  1826,  a  meteor  ^ 
seen  to  pass  over  WaterviUe,  Maine,  by  Captain  Josiah  Cros 
of  that  town.  It  came  from  the  southeast  ana  passed  in  a  curv 
line  with  a  regular  motion  towards  the  earth.  A  moment  afi 
it  disappeared  from  sight,  a  report  like  that  of  a  small  cann* 
was  heard.  A  few  days  later  Mr.  Crosby  picked  up  in  a  fie 
about  one-third  of  a  mile  from  the  place  where  he  stood  wh< 
he  saw  the  meteor,  a  specimen  which  he  regarded  as  a  fra 
ment  of  it.  Bearing  upon  the  question  whether  it  could  be 
fragment  of  anything  else  or  not,  he  stated  that  no  glass  worl 
existed  in  that  part  of  the  State,  but  that  common  brown  eartl 
ern-ware  was  formerly  manufactured  about  one-third  of  a  mi 
from  the  spot  on  which  the  meteorite  (?)  was  found.  "It  wi 
a  solitary  stone,  the  soil  consisting  entirely  of  sandy  loan 
There  was  no  stone  or  accumulation  of  stones  within  two  mile 
The  specimen,  when  picked  up,  appeared  to  be  a  newly  d< 
tached  mass.  The  grass  upon  which  it  lay  was  short  an 
close  to  the  ground,  and  was  entirely  unchanged  in  appearance 

♦  Read  before  the  Boston  Society  of  Natural  History,  April  4th.  1883 ;  Scienc 
1883,  i,  314. 
f  Briefly  mentioned  in  Science,  1883,  i,  377. 
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The  stone  was  presented  by  Mr.  Crosby  to  Virgil  D.  Parris, 
and  by  him  to  Professor  G.  W.  Keely  of  Waterville  College 
(now  Colby  University).  A  portion  of  the  specimen  was  given 
by  Professor  Keely  to  Professor  C.  U.  Shepard,  who  published 
an  account  of  it  m  this  Journal  (1848,  II,  vi,  414,  415),  from 
which  account  sufficient  has  been  taken  to  render  this  paper 
intelligible  to  those  who  have  not  access  to  Professor  Shepard's 
original  publication.     His  analysis  gave  the  following  results: 

SiO,  Al.Os  FeO  MgO  CaO     Total. 

70-00  18-50  8-00  2*59  1-90= 10099 

It  was  regarded  by  Shepard  as  a  doubtful  meteorite,  and  in 
his  later  catalogues  has  been  omitted.     My  attention  was  espe- 
cially called  to  it  from  the  description  and  analysis  indicating 
that  it  belonged,  if  a  meteorite,  to  a  group  of  which  only  one 
authentic  specimen  is  known  (Igast),  although  several  doubtful 
ones  exist     It  was  then  a  matter  of  importance  to  ascertain 
whether  it  was  a  meteorite  or  not ;  and  if  one  to  ascertain  its 
microscopic  characters.     On  inquiry  of  my  friend  and  colleague 
Professor  C.  E.  Hamlin,  I  learned  that  the  main  mass  of  the 
specimen  was  presented,  to  the  cabinet  of  Colby  University  by 
Professor  Keely  in  1871!     Through  the  kind  offices  of  Profes- 
sor Hamlin,  who  is  now  a  trustee  of  that  college,  the  specimen, 
was  placed  in  my  hands  for  microscopic  examination. 

It  is  a  small  triangular  cinder-like  mass,  cellular,  laminated, 
and  on  the  fresh  fracture  of  an  ash  gray  color.   The  laminated  ap- 
pearance is  produced  by  a  series  of  flattened  cells  surrounded  by 
■  a  black  vitreous  mass.     The  original  surfaces  are  coated  with  a 
'■■  my,  red-brown  and  bluish-black  crust  formed  by  fusion.    The 
lorraerly  upper  portion  of  the  mass,  when  examined  under  a 
lens,  is  seen  to  be  worn  and  polished,  as  siliceous  rocks  are  apt 
to  be  when  exposed  to  rain,  while  the  remaining  parts  of  tne 
surface  are  found  to  be  coated  to  some  extent  by  earthy  ma- 
terial the  same  as  rocks  are  when  lying  in  a  dry  sandy  soil. 
Its  cavities  contain  in  places  a  fine  brown  matted  mass  formed 
by  the  fibers  of  growing  plants,  and  under  the  microscope  their 
vegetable  character  can  readily  be  distinguished. 

The  specimen  then  when  picked  up  by  Captain  Crosby  could 
not  have  been  a  newly  detached  mass,  but  had  been  for  a  long 
while  partially  buried  in  the  soil,  and  of  course  could  not  have 
been  a  portion  of  the  meteor  which  he  saw.  It  remains  then 
to  consider  the  very  improbable  supposition  :  is  it  a  fragment 
of  a  meteorite  which  fell  at  some  former  period  ? 

Microscopically  it  is  seen  to  be  a  celluhir  glassy  mass  which 
has  begun  to  devitrify,  and  presents  the  appearance  of  a  slag-like 
body,  which  has  been  long  exposed  to  the  action  of  atmospheric 
agencies.  The  sections  were  cut  across  the  laminations,  and 
showed  a  fluidal  structure  parallel  to  it.     A  few  quartz  grains 
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which  were  cracked  and  fissured  were  seen.  Near  the  fissures 
numerous  ferruginous  globulites  had  been  developed  and  the 
quartz  showed  evident  signs  of  having  been  exposed  to  strony 
heat.  Adjacent  to  the  flattened,  as  well  as  some  other  cells,  it 
a  black  and  brown  ferruginous  material. 

The  sections  show  not  the  slightest  trace  of  characters  belong, 
ing  to  any  meteorite  that  has  yet  been  examined  microscopically 
either  by  myself  or  by  others,  so  far  as  can  be  ascertained  l^ 
their  published  descriptions.  It  is  apparently  a  slag  and  most 
probaolv  derived  from  the  earthern-ware  manufactory  at  some 
earlier  aate. 

No  blame  attaches  to  Mr.  Crosby,  for  he  undoubtedly  acted 
to  the  best  of  his  knowledge  in  making  his  observations  and 
statements  ;  and  it  will  be  noticed  that  his  remark,  that  itlaj 
upon  the  surface  while  the  grass  was  untouched,  was  opposed 
to  its  meteoric  origin  and  in  accord  with  the  results  of  my 
examination. 

Cambridge,  Mass.,  April  14th,  1883. 


Art.  VI. — A  Simple  Method  of  Correcting  the  Weight  of  a  Bodjf 
for  the  Buoyancy  of  the  Atmosphere  when  the  Volume  is  iin- 
known ;  by  JosiAH  Parsons  Cooke.     (Contributions  from 
the  Chemical  Laboratory  of  Harvard  College.) 

It  is  a  familiar  fact  that  in  the  usual  method  of  accurate 
weighing  the  buoyancy  of  the  atmosphere  produces  a  sensible 
effect  whenever  the  volume  of  the  load  diff'ers  materially  from 
that  of  the  equipoise.  But,  as  in  all  ordinary  processes  of 
chemical  analysis  the  analyst  deals  solely  with  relative  weights, 
the  presence  of  a  perfectly  dry  atmosphere  does  not  influence 
his  result«^,  unless  the  conditions  of  temperature  and  pressure 
have  changed  between  the  successive  weighings:  and  even  then 
the  effect  is  insignificant  in  most  cases.  Still  when  the  volume 
of  the  vessel  weighed  differs  from  that  of  the  weights  by  as 
little  as  twenty-five  cubic  centimeters — for  example  in  weigh- 
ing the  absorption  tubes  used  in  "  organic  analysis  " — the  error 
caused  by  variations  in  the  density  of  the  atmosphere  may  be 
sufficient  to  seriously  impair  the  accuracy  of  the  result 

In  weighing  large  vessels — as  in  determining  the  density  of 
a  gas — the  effect  of  any  variation  of  buoyancy  is  eliminated  by 
the  well  known  methods  of  calculating  the  results.  But  the 
formulas,  usually  given  for  that  purpose,  involve  as  knowa 
quantities,  the  volume  of  the  vessel,  the  volume  of  the  weights^ 
the  density  of  the  air  under  the  standard  conditions,  as  well  as- 
the  temperature  and  pressure  at  the  moment  of  the  several  ob* 
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lervations;  and  since  the  calculations  are  somewhat  complex, 
ind  the  required  data  not  always  readily  obtained,  the  formulas 
ire  seldom  applied  unless  the  volume  of  the  load  is  quite  large. 
Moreover  in  these  formulas  the  effect  of  each  factor  can  not 
readily  be  traced,  and  most  analysts  are  probably  not  aware  of 
the  extent  to  which  their  weighings  may  be  influenced  by 
changes  in  the  densitv  of  the  air  due  to  variations  of  tempera- 
ture and  pressure,  fn  seeking  to  fix  the  weight  of  certain  ab- 
sorption-tubes (in  connection  with  my  work  on  the  revision  of 
the  atomic  weights)  I  have  been  led  to  a  method  of  correcting 
the  weights  of  such  tubes  for  variations  of  buoyancy ;  which, 
while  it  does  not  involve  the  determination  of  any  data  except 
the  temperature  and  tension  of  the  air  in  the  balance-case,  and 
is  as  simple  in  its  application  as  the  calibration  of  a  flask,  also 
gives  a  clear  conception  of  the  effect  of  each  variable  on  the 
weight. 

It  is  assumed  that  the  air  of  the  balance-case  is  dry ;  and  with 
one  of  Becker's  balances  I  have  not  been  able  to  trace  any 
effect  on  the  weight  of  a  glass  vessel  from  variations  of  h ygro- 
metric  condition  when  two  open  dishes  of  sulphuric  acid  (three 
inches  in  diameter)  were  kept  in  the  case,  which  has  a  volume 
of  about  87  cubic  decimeters.  Under  such  conditions  the  only 
causes  which  sensibly  modify  the  weight  of  a  small  glass  vessel 
(like  a  closed  potash  bulb-tube)  are  the  variations  of  tempera- 
ture and  pressure.  The  relative  effect  of  these  two  variables 
will  appear  from  the  following  considerations,  which  suggested 
the  method  I  am  to  describe. 

If  we  assume  thirty  inches  as  the  standard  of  barometric 
pressure  it  is  obvious  that  the  variation  of  each  tenth  of  an 
inch  from  this  standard  will  determine  a  change  of  ^-^th  in 
the  resultant  effect  of  the  buoyancy  of  the  air  on  the  load  and 
its  equipoise.  Again,  if  we  assume  27^0.  as  our  standard  of 
tensperature — that  is  800®  on  the  so-called  '* absolute  scale" — 
Uien  according  to  the  law  of  Charles  the  variation  of  each  de- 
gree from  this  point  will  also  cause  a  change  of  ^-J-j^th  in  the 
same  resultant.  In  other  words,  counting  from  these  standards, 
a  variation  of  one  degree  in  the  centigrade  thermometer  indi- 
cates the  same  effect  on  the  density  of  the  atmosphere — and 
therefore  on  its  buoyancy — as  the  change  of  one-tenth  of  an 
inch  in  the  mercurial  barometer.  In  our  climate  the  barometer 
changes  slowly,  and  its  fluctuations  do  not  ordinarily  exceed 
one  inch.  On  the  other  hand  the  balances  in  our  chemical 
laboratories  are  liable  to  rapid  variations  of  temperature  which 
often  exceed  twenty  degrees,  the  equivalent  of  two  inches. 
Hence  of  the  two  variables  the  temperature  is  by  far  the  more 
important 

If  we  select  the  two  standards  of  temperature  and  tension 
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here  assumed,  we  can  easily  correct  for  temperature  by  simply 
adding  to  the  observed  height  of  the  barometer  (in  tenths  of  an 
inch)  the  diflFerence  between  27®  C.  and  the  temperature  ob- 
serveci.  Of  course  the  correction  becomes  negative  if  the  tem- 
perature exceeds  27®  C.  Having  thus  eliminated  the  effect  of 
temperature  we  can  (after  taking  a  few  weighings  under  as 
great  a  variation  of  teniperature  and  pressure  as  we  can  com- 
mand) easily  find  the  difference  in  weight  which  corresponds  to 
a  variation  of  one-tenth  of  an  inch  in  the  barometer,  and  we 
thus  obtain  a  constant  for  the  vessel  (or  other  object  weighed) 
by  means  of  which  we  can  rapidly  reduce  the  weights  to  the 
standard  of  thirty  inches  barometric  pressure,  having  previ- 
ously reduced  them  to  the  standard  of  27°  C.  for  temperature. 
The  weights,  having  now  been  corrected  for  buoyancy,  can  be 
compared,  and  although  the  standards  may  be  as  unusual  in 
their  association,  as  is  one  of  them  in  its  value,  they  are  as 
legitimate  as  any  others  and  will  be  found  in  practice  more 
convenient 

To  apply  this  method  we  simply  leave  the  load  equipoised 
on  the  balance,  shifting  the  rider  with  the  varying  weight,  and 
noting  the  corresponding  temperatures  and  pressures,  until  a 
sufficient  difference  has  been  observed ;  and  a  difference  corre- 
sponding to  20®  C,  or  two  inches  of  mercury,  is  adequate  in 
most  casea  The  process  corresponds  to  calibrating  a  flask,  and 
the  constant,  once  obtained,  can  be  afterwards  used  for  the 
same  vessel,  unless  the  weight  of  its  contents  is  materiallj 
altered.  The  following  examples  will  show  the  application  oi 
the  method. 

In  each  case  the  load  was  a  closed  absorption-tube  of  pecu 
liurly  irregular  construction,  but  not  much  larger  in  volume 
than  those  generally  used  in  organic  analysis.  We  give  in  the 
accompanying  tables:  first,  the  date;  secondly,  the  observed 
weight ;  thirdly,  the  temperature  of  the  balance-case ;  and, 
fourthly,  the  height  of  the  barometer  at  the  time  of  weighing. 
These  are  the  observed  data.  In  the  fifth  column  we  give  the 
reduced  heights  of  the  barometer  for  27®  C,  and  these  valuer 
are  obtained  by  simply  subtracting  the  observed  temperatures 
from  27®,  and  adding  the  remainders  to  the  observed  baro- 
metric heights.  Below  the  tables  we  print  in  each  case  the 
largest  weight  observed  over  the  leiist  weight  observed,  and  on 
the  same  lines  the  corresponding  reduced  barometric  heights. 
Dividing,  now,  the  difference  of  weight  in  milligrams  by  the 
difference  of  height  in  tenths  of  an  inch  we  obtain  the  value 
last  given,  which  we  then  called  the  **  constant"  With  this 
const^int  we  can  readily  reduce  all  the  weights  to  the  common 
standard  of  thirty  inches,  and  this  we  do  by  multiplying  the 
ditVerence  between  300  and  the  reduced  barometric  neights  by 


J.  p.  Cooke — Buoycmcy  of  the  Aimwaphere. 


41 


tbis  constant,  and  adding  or  subtracting  the  product,  as  the  case 
may  be,  to  or  from  the  observed  weights. 


First  Series. 

• 

iVo. 

1883. 

Weight. 

C.° 

H. 

H.  reduced. 

Result. 

1 

Mav 

1 

87-6304 

17- 

304-0 

3140 

87-5346 

? 

Ma> 

2 

87-5303 

17- 

304-2 

314-2 

87-5346 

3 

May 

2 

87-5314 

19-5 

303*2 

310-7 

87-5346 

4 

Maj 

3 

87-6322 

20- 

301-0 

308-0 

87-5346 

5 

May 

4 

87-53206 

20-5 

301-9 

308-4 

87-5346 

6 

May 

4 

87-5320 

21- 

302-5 

308-5 

87-5346 

7 

May 

6 

87-5316 

18- 

300-8 

309-'8 

87-5345 

8 

May 

7 

87-5320 

19- 

300-0 

308-0 

87-5344 

9 

Mav 

8 

87-5328 

19-5 

298-9 

306-4 

87-5347 

10 

May 

9 

87-53246 

22- 

302-2 

307-2 

87-5346 

U 

May 

11 

87-5333 

22- 

299-5 

304-5 

87  5346 

12 

May 

11 

87-5333 

195 

296-2 

303-7 

87-5344 

13 

May 

19 

87-5317 

21- 

303-5 

309-5 

87-5346 

14 

May 

21 

87-5345 

23- 

296-2 

300-2 

87-5346 

15 

May 

22 

87-5336 

22- 

298-0 

3030 

87-5345 

Greatest  weight, 

87-5345 

Barometer, 

300-2 

Smallest  weight, 

87-5303 

i* 

314-2 

Differences^  42 

Constant  =  4*2  m.  g.  -!-  14-0  =  0*3  m.  g. 
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The  balance  here  used  is  only  sensitive  under  such  a  load  to 
the  tenth  of  a   milligram,  and    hence   the    constancy   of  the 
results  obtained  is  very  striking.     There  can  be  no  question 
that  the  mean  of  several  weighings  is  accurate  to  the  full  limit 
of  the  sensibility  of  the  instrument  used.     Moreover  during 
the  coarse  of  the  observations  it  was  also  evident  that  the  slight 
variations   observed  (only  -^^ths  of  a   milligram   between  the 
extreme  limits)  were  owing  to  a  want  of  exactness  in  the  meas- 
ure of  the  temperature  of  the  balance-case.     We  used  a  com- 
mon thermometer  reading  only  to  whole  centigrade  degrees ; 
although,  as  afterward  appeared,  a   difference  of  only  ^ipths 
of  a  degree  caused  a  difference  of  -^ih  of   a    milligram    in 
the  weight,  and  a  difference  of  a  whole  degree  corresponded  to 
the  extreme  difference  between  the  observations.    In  the  second 
series  (made  with  the  same  tube  but  differently  mounted)  we 
^sed  a  standard  thermometer  (Geisler's  make)  reading  to  tenths 
of  a  degree,  and  the  results  are  all  that  could  be  expected  with 
toe  instruments  employed.     The  observations  were  made,  nev- 
ertheless, under  the  most  unfavorable  conditions,  during  ex- 
oeediuglv  hot  weather  when  the  temperature  was  rapidly  chang- 
ing; and  it  was  evident  that  the  insignificant  differences  remain- 
ing arose  from  the  circumstance  that  the  thermometer  was  not 
nearly  so  sensitive  as  the  air  in  the  balance-case,  following  the 
ohange  of  temperature  of  the  air  after  a  considerable  interval  of 
^inae.    It  was  curious  to  notice  the  slight  increase  of  weight, 
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caused  by  the  radiation  of  the  body  while  weighing,  followed 
only  after  some  time  by  a  rise  of  the  very  sensitive  thermometer 
employed,  and  this  effect  was  obtained  in  weighing  a  vessel 
which  displaced  only  about  75  cubic  centimeters  of  air. 


Second  Series. 

So. 

1883. 

Weight. 

C." 

H. 

H.  reduced. 

R«8Ult 

1 

May  29 

87-3447 

23-5 

297-6 

3011 

87-3451 

2 

May  30 

87-3432 

23.2 

302-0 

.305-8 

87-3461 

3 

Mav  30 

87-3437 

24-5 

301-8 

304-3 

87 -^51 

4 

May  31 

.    87-3444 

23-8 

298-8 

302-0 

87-3450 

5 

June    1 

87-3429 

22-8 

302-4 

306-6 

87-3460 

6 

June   1 

87-3432 

23-75 

302-4* 

305-65 

87-3450 

7 

June   2 

87-3419 

22-6 

305-2 

309-6 

87-3451 

8 

June    3 

87-3120 

21-96 

304-5 

309-55 

87-3450 

9 

June   3 

87-3427 

23-15 

303-8 

307-6 

87-H461 

10 

June   4 

87-3441 

250 

301-1 

303-1 

87-3451 

11 

June   5 

87-3443 

26-0 

301-4 

302-4 

87-3451 

12 

June    5 

87-3446 

26-3 

300-6 

301-3 

87-3460 

13 

June   6 

87-34436 

26-55 

300-75 

3022 

87-3461 

14 

June   7 

87-3452 

26-7 

299-0 

299-3 

87*3460 

15 

June   8 

87-3464 

29-4 

297-9 

295-5 

87-3450 

Greatest  weight, 

87-3464 

Barometer, 

295*5 

Smallest  weight, 

87-3419 

K 

309*6 

Differences,  46 

Constant  =  4*5  m.  g.-Hl4*l  =  0-313  m.  g.» 
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The  limits  in  the  accuracy  of  the  method  here  described  are 
obvious ;  but  it  will  be  noticed  that  the  accuracy  of  the  method 
is  exactly  proportional  to  the  requirement.  The  greater  the 
volume  of  the  load,  and  hence  the  greater  the  eflFect  of  buoy- 
ancy, the  more  accurately  can  the  "constant "be  found,  by 
which  the  correction,  required  in  any  case,  may  be  calculated ; 
and,  as  the  above  examples  abundantly  prove,  the  accuracy  is 
sufficient  for  the  purpose  in  view.  When  the  volume  of  the 
load  is  large  it  becomes  necessary  to  measure  the  temperature 
and  pressure  with  great  precision,  and  to  protect  the  oalance 
from  radiation  and  from  all  causes  of  rapid  change  of  tempera- 
ture. It  was  a  great  satisfaction  to  the  writer  to  find  that  by 
so  simple  means  the  relative  weight  of  glass  vessels  of  consid- 
erable size  may  be  determined  with  accuracy  to  the  tenth  of  a 
milligram,  an  accuracy  which  is  fully  equal  to  that  of  the 
most  refined  processes  of  chemical  analysis,  and  which  enables 
us  to  attain  a  great  degree  of  precision  in  many  processes  which 
otherwise  would  not  be  susceptible  of  such  refinement 

From  the  data  given,  and  from  the  known  normal  density  of 

*  In  combining  only  the  extreme  weights  we  must  obviously  take  care  that 
neither  of  them  is  seriously  affected  by  any  accidental  errors ;  and  a  more  cer- 
tain value  of  the  constant  would  be  obtained  by  combining  all  the  observations, 
after  well  known  methods.  This  complication  however  is  seldom  necessary,  as 
Buch  errors  would  render  the  final  results  irregular,  and  lead  to  a  redlscussion  of 
the  observations. 
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the  atmosphere,  it  can  be  easily  calculated  that  in  the  first 
series  of  weighings  the  volume  of  the  tube  and  mountings  ex- 
ceeded that  of  the  weights  by  about  75  cubic  centimeters. 
With  this  diflFerence  of  volume  we  have  a  variation  of  ^^ths 
of  a  milligram  in  weight  for  a  diflFerence  of  ^th  of  an  inch 
of  mercury  in  tension,  or  one  centigrade  degree  in  temperature. 
Hence  with  a  diflFerence  in  volume  of  one  hundred  cubic  centi- 
meters we  should  have  a  variation  of  weight  amounting  ta 
about  four  milligrams  for  every  diflFerence  of  one  inch  in  the 
barometer,  or  of  ten  degrees  in  the  centigrade  thermometer ; 
and  these  data  will  furnish  the  basis  for  a  rude  estimate  of  the 
effect  in  any  given  case.  If  the  diflFerence  of  volume  amounts 
to  2,500  cubic  centimeters,  then  a  diflFerence  of  pjVir^^  ^^  ^^ 
inch  in  the  barometer,  or  of  j^th  of  a  degree  m  the  ther- 
mometer, would  cduse  a  variation  of  ^th  of  a  milligram 
in  the  weight  So  also  a  variation  in  the  intensity  of  gravity 
amounting  to  only  30^00^^  ^^  ^^^  whole  amount  would  pro- 
duce a  similar  eflFect,  and  a  sensible  variation  would  follow  any 
marked  change  in  the  purity  of  the  air.  Hence  the  balance 
migbt  be  used  to  detect  exceedingly  minute  changes  in  any  one 
of  these  variables,  provided  the  others  could  be  exactly  con- 
trolled ;  and,  although,  with  our  better  methods,  these  applica- 
tions of  the  balance  may  be  of  no  practical  value ;  yet  the  con- 
siderations, here  adduced,  will  serve  to  show  how  sensitive  the 
instrument  is  to  the  slightest  changes  in  the  density  of  the 
atmosphere  when  loaded  with  vessels  of  large  volume.  The 
best  method  of  controlling  the  weight  in  such  cases  is  that 
adopted  by  Regnault  in  his  classical  work  on  the  density  of 
the  more  permanent  gases.  This  consists  in  balancing  the  ves- 
sel, whose  contents  are  to  be  weighed,  with  a  second  vessel  of 
eqnal  volume,  the  two  hanging  side  by  side  in  a  case  lined  with 
thick  felt.  The  balance  is  set  over  the  case  and  the  vessels, 
suspended  from  the  pans  by  means  of  platinum  wires,  which 
hang  freely  through  holes  in  the  base  of  the  instrument. 
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Abt.  VIL — Recent  Investigations  concerning  the  Southern  boundr 
ary  of  the  Glaciated  Area  of  Ohio  ;  by  G.  F.  Wright. 

A  Paper  read  before  the  Boston  Society  of  Natural  Historj,  March  7,  1883,  by 
Professor  G.  Frederick  Wright,  of  Oberlin,  0. 

Preliminary  Work. 

In  the  autumn  of  1880,  and  the  summer  of  1881,  Professor 
H.  C.  Lewis  and  myself,  under  the  direction  of  Professor  J.  P. 
Lesley,  traced,  the  southern  boundary  of  the  glaciated  area  of 
Pennsylvania.  We  had  also  been  together  over  a  considerable 
part  of  the  line  marked  by  the  terminal  moraine  which  Pro- 
fessors Cook  and  Smock  have  so  carefully  mapped  in  New 
Jersey.  I  had  also,  from  the  first,  been  familiar  with  the  gla- 
cial accumulations  along  the  southern  shore  of  New  England, 
especially  those  near  Wood's  Holl,  which  Mr.  Clarence  King 
explained  as  belonging  to  the  true  terminal  moraine  of  the  gla- 
cial period,  and  which  were  first  described  by  Mr.  King  in  a 
communication  published  by  me  in  1877  in  the  Proceedings  of 
the  Boston  Society  of  Natural  History  (see  vol.  xix,  pp.  60-68), 
and  afterwards  were  more  fully  examined  by  Mr.  Warren 
Upham,  and  described  in  vol.  iii,  of  the  New  Hampshire  Geo- 
logical Report,  pp.  300-305,  and  in  the  American  Journal  of 
Science  and  Arts  for  August  and  September,  1879. 

General  Remarks. 

The  accompanying  map  of  Ohio  shows  the  boundary  line 
explored  by  me  during  the  summer  of  1882.  This  does  not, 
as  some  may  have  surmised,  represent  merely  a  line  which  I 
have  traversed,  but  a  line  which  I  have  zigzagged,  and  along 
which  I  have  fixed  with  certainty  the  glacial^  boundary  upon 
nearly  every  mile  of  its  course.  I  believe  that  in  nearly  every 
township  I  have  been  far  enough  south  of  the  line  here  marked 
to  make  it  sure  that  I  was  beyond  the  limit  of  glaciation. 
Down  to  this  line  the  marks  of  glaciation  are  everywhere 
abundant  and  unmistakable  ;  south  of  it  the  absence  of  glacial 
marks  is  equally  striking.  The  average  depth  of  the  glacial 
deposit  over  the  area  in  Ohio  north  of  this  boundary  line  is 
estimated  by  Mr.  E.  W.  Claypole  (see  Proceedings  of  A.  A.  A. 
S.,  vol.  XXX,  p.  161),  to  be  fifty-six  feet  No  one  at  all  familiar 
with  the  region  will  be  disposed  to  think  this  estimate 
exaggerated. 

The  glaciated  area  of  Ohio  consists  of  a  rolling  surface  essen- 
tially like  the  prairies  farther  west,  except  that  it  was  originally 
-covered  by  timber.  The  pre-glacial  channels  have  nearly  all 
been  buried  out  of  sight,  and  it  is  rare  that  the  rocks  anywhere 
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emerge  above  the  till.  The  till  itself  contains  everywhere  gla- 
Qated  fragmeata  of  a  great  variety  of  rocks,  all  of  which  are 
from  the  Qorth.  It  is  not  unusual  to  find,  many  feet  below  the 
sarFace,  granite  from  Canada,  Corniferous  limestone,  and  frag- 
menCB  of  sandstone,  all  striated,  and  intimately  mixed  together 
in  the  paste  formed  by  the  grinding   up  of  tbe  Erie  shalee. 


I^i^e  granite  bowlders  are  thickly  strewn  all  over  the  surface 
ofthia  glaciated  area.  Some  of  the  largest  found  in  the  State 
occor  upon  the  very  border  of  tbe  glaciated  region,  A  granitic 
bowlder  found  in  Columbiana  county,  near  New  Lisbon,  is 
13x11x8  feet  out  of  ground.  Another,  near  Lancaster,  in 
Fairfield  county,  is  18x12x6  feet  out  of  ground.  Granite 
boulders  from  three  to  five  feet  in  diameter  are  too  numerous 
to  mention. 

Upon  the  southern  side  of  the  boundary  line  wliich  we  have 
iadicated,  the  whole  face  of  the  country  immediately  changes 
its  aspect;  till  suddenly  ceases  to  occur;  no  scratched  stones 
are  to  be  found  ;  granite  bowlders  and  other  transported  rocks 
disappear,  except  in  the  valleys  of  the  streams.  Over  tbe 
wbole  of  this  unglaciated  areu  the  streams  flow  in  narrow  chan- 
nels cut  through  tbe  horizontal  strata  of  the  coal  measures  and 
of  the  Waverley  sandstone  to  a  depth  of  from  three  hundred  to 
five  hundred   feet,  and  are  everywhere  lined  by  terraces   of 
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gravel  which  are  far  above  the  present  high-water  mark.     The 
Ohio  River,  from  far  below  Cincinnati  to  -the  head  waters  of 
the  Alleghany  and  Monongahela  Bivers,  a  distance  of  more 
than  fifteen  hundred  miles,  occupies  a  narrow  pre-glacial  val- 
ley, and  was  the  great  distributer  of  the  drift  brought  into  it 
by  the  streams  from  the  north  which  all  along  emerged  during 
the  Glacial  period  from  the  ice-front,  and  which  in  some  places 
approached  to  within  a  few  miles  of  the  river.     Upon  the  high- 
lands in  this  unglaciated  region  the  soil  is  shallow,  and  consists 
of  the  remnants  of  the  rocks  in  place  which  have  been  disinte- 
grated by  sub-aerial  agencies.     The  contrast  between  the  gla- 
ciated and  the  unglaciated  areas   of  Ohio   appears  upon    the 
pages  of  the  Annual  Crop  Report.     According  to  the  Report 
for  September,  1882,  the  average  production  of  wheat  per  acre 
in  the  glaciated  area,  reckoned  by  counties,  is 'in  many  cases 
twice  as  great  as  in  the  unglaciated.     The  average  production 
per  acre  in  the  whole  glaciated  area  is  about  fourteen  bushels, 
and  in  the  unglaciated,  nine  bushels. 

The  southern  margin  of  the  glaciated  area  of  Ohio  is  not 
everywhere  marked  by  such  a  relative  excess  of  accumulation 
of  glaciated  material  as  is  found  through  Cape  Cod,  on  the 
Elizabeth  Islands  and  Long  Island,  and  at  various  places  in 
New  Jersey  and  Pennsylvania.  The  limit,  however,  every- 
where is  very  sharply  defined,  and  at  various  places,  soon  to  be 
mentioned,  in  Stark,  Holmes,  Fairfield  and  Kos3  counties,  the 
marginal  deposition  is  on  a  scale  equal  to  anything  which  can 
be  found  on  the  south  shore  of  New  England. 

The  glacial  limit  enters  Ohio  from  the  east  in  Columbiana 
oounty,  twelve  miles  north  of  the  Ohio  River,  and  continues 
nearly  west  to  the  middle  of  Stark  county  where  it  turns  more 
to  the  south,  crossing  the  northern  part  of  Holmes  county,  to 
the  northeast  corner  of  Knox,  where  it  turns  at  right  angles  to 
the  south,  running  through  the  eastern  part  of  Knox  and  Lick- 
ing counties,  the  western  part  of  Perry,  turning  here  so  as  to 
pass  through  Lancaster  in  Fairfield  county;  touching  the 
western  edge  of  Hocking  and  entering  Ross  at  Adelphi,  in  the 
northeast  corner.  Here  it  turns  to  the  west,  crossing  the  Scioto 
Valley  a  few  miles  north  of  Chillicothe,  and  emerging  from  the 
county  at  its  southwest  corner,  proceeding  thence  through  the 
southeastern  corner  of  Highlana,  the  northwestern  of  Adams, 
reaching  the  Ohio  River  in  the  southern  part  of  Brown  county, 
near  Higginsport  Cincinnati  was  completely  enveloped  by 
ice  during  the  Glacial  period,  and  extensive  glacial  deposits 
exist  in  tne  northern  part  of  Campbell  and  Boone  counties, 
Ky.,  and  near  Aurora,  in  Dearborn  county,  Ind. 
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More  Detailed  Account. 

Through  Columbiana  county  as  in  the  adjoining  counties  of 
Pennsylvania,  south  of  the  heavy  deposits  of  till  there  is  a 
fringe  from  one  to  three  miles  wide.  Over  this  margin  there 
are  scattered  evidences  of  glacial  action,  consisting  of  granite 
bowlders  and  patches  of  till  here  and  there  upon  the  highlands, 
atan  elevation  of  from  three  hundred  to  five  hundred  feet  above 
the  Ohio  River.  North  of  this  fringe  the  till  is  continuous  and 
everywhere  of  great  depth.  At  Palestine,  on  the  eastern  edge 
of  the  county,  and  at  New  Alexnndria,  near  the  western  side, 
wells  are  reported  in  the  till  fifty  feet  deep.  New  Alexandria 
is  upon  the  highest  land  in  that  part  of  the  country,  and  the 
glacial  deposits  are  marked  in  moderate  degree  by  the  knobs 
and  kettle-holes  characteristic  of  the  moraine  upon  the  south 
shore  of  New  England.  A  mile  or  two  west  of  Canton,  in 
Stark  county,  the  accumulations  of  glaciated  material  are  upon 
a  scale  equal  to  anything  upon  Cape  Cod.  The  northern  part 
of  Holmes  county  is  covered  with  till  which  is  everywhere  of 
great  depth,  and  in  numerous  places  near  the  margin  displays, 
though  in  a  moderate  degree,  the  familiar  inequalities  of  the 
New  England  moraine.  After  the  southern  deflection  in  Knox 
county,  the  glaciated  region  is  entered  near  Danville,  from  the 
east,  on  the  Columbus,  Mount  Vernon,  and  Akron  Railroad, 
through  a  cut  in  till  a  quarter  of  a  mile  lon<]j,  and  from  thirty 
to  forty  feet  in  depth.  At  the  old  village  of  Danville  near  by, 
upon  a  neighboring  hill,  wells  are  reported  as  descending  more 
than  a  hundred  feet  before  reaching  the  bottom  of  the  till. 
Through  Licking  county,  both  north  and  south  of  Newark,  the 
depth  of  the  glacial  envelope  is  great  up  to  a  short  distance  of 
its  eastern  edge.  At  the  old  reservoir  in  Perry  county,  the 
distinct  features  of  a  moraine  come  out.  The  hill  upon  which 
Thoraville  is  built  is  a  mass  of  glaciated  material  in  which 
wells  descend  from  thirty  to  fifty  feet  without  striking  rock. 
This  is  upon  the  highest  land  of  the  vicinity.  The  reservoir 
itself  seems  to  be  in  a  great  kettle-hole  or  moraine  basin.  All 
through  Fairfield  county,  the  glacial  accumulation  is  of  a  great 
depth  down  to  a  very  short  distance  of  its  margin.  But  per- 
haps the  most  remarkable  of  all  the  portions  of  this  line  in  Ohio 
is  that  running  from  Adelphi,  in  the  northeast  corner  of  Ross 
county,  to  the  Scioto  River.  The  accumulation  at  Adelphi  is 
more  than  two  hundred  feet,  and  continues  at  this  height  for 
many  miles  westward.  Riding  along  upon  its  uneven  summit, 
one  finds  the  surface  strewn  with  granite  bowlders,  and  sees 
stretching  off  to  the  northwest  the  magnificent  and  fertile  plains 
of  Pickaway  county,  while  close  to  the  south  of  him,  yet  sepa- 
rated by  a  distinct  interval,  are  the  cliflFs  of  Waverley  sandstone, 
rising  two  hundred   or  three  hundred  feet  higher,  which  here 
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and  onward  to  the  south  pretty  closely  approach  the  boundarj 
of  the  glaciated  region.  Through  the  southeastern  corner  o: 
Highland  county  .and  the  northwestern  of  Adams,  the  lermiDaJ 
accumulation  is  less  marked  than  in  Boss  county ;  still  the 
boundary  of  the  glaciated  region   is  easily  determined.     It  ap 

6 roaches  the  river  in  the  vicinity  of  Eipley  and  Higginsport  id 
Irown  county,  and  crosses  it  from  Clermont  county,  so  as  to 
enter  Kentucky  a  half  mile  north  of  the  line  between  Camp- 
bell and  Pendleton  counties.  Cincinnati  was,  as  I  have  saiOy 
covered  with  ice  during  a  portion  of  the  Glacial  period.  There 
is  an  undoubted  deposit  of  till,  at  the  railroad  station  at  Wal- 
nut Hills,  nearly  400  feet  above  the  river.  At  North  Bend 
the  tunnel  of  the  Indianapolis,  Cincinnati  and  LaFayette  Bail- 
road,  leading  from  the  Ohio  to  the  Miami,  is  through  an  accu- 
mulation of  till  which  rises  200  feet  above  the  river. 

But  the  most  interesting  fact  of  all  is,  that  the  ice  extended 
across  the  Ohio  Eiver  into  Campbell,  Kenton,  and  Boone  coun- 
ties, Ky.,  leaving  granite  bowlders  and  deposits  of  till  upon  the 
hilltops  more  than  five  hundred  feet  above  the  river.  The  glacial 
boundary  firat  crosses  the  Ohio  Eiver  twenty-five  miles  above 
Cincinnati,  entering  Kentucky  near  the  southwestern  comer  of 
Campbell  county,  nearly  opposite  Pt  Pleasant,  in  Clermont 
county,  O.  Till,  containing  granite  bowlders  and  scratched 
pebbles,  covers  the  hills  in  the  vicinity  of  Carthage,  Campbell 
county,  and  continues,  to  a  greater  or  less  extent,  south  along 
the  ridge  road  as  far  as  Flag's  Sprin^r.  Here  all  signs  of  glacia- 
tion  suddenly  disappear.  At  Flag's  Spring  occurs  an  extensive 
deposit  of  water-worn  pebbles  which  have  been  cemented  to- 
gether by  lime.  The  pebbles  are  themselves  mostly  of  lime. 
The  deposit  is  in  a  valley  tributary  to  Twelve  Mile  Creek 
(which  runs  to  the  north),  and  rises  from  twenty  to  thirty  feet 
above  the  present  valley.  It  resembles  in  nearly  every  respect  the 
postglacial  conglomerate  known  as  **  Split  Eock,"  at  the  mouth 
of  Woolper  Creek,  about  twenty-five  miles  below  Cincinnati, 
where  the  glacial  boundary  recrosses  the  Ohio,  and  enters  Indi- 
ana near  Aurora.  Whether  there  are  granite  pebbles  in  the 
conglomerate  at  Flag's  Spring  I  am  unable  to  say,  owing  to  tlie 
haste  with  which  I  was  compelled  to  examine  it.  But  at 
Woolper  Creek,  granitic  pebbles  in  small  quantity  form  a 
constituent  element  of  the  conglomerate.  One  was  observed 
which  is  two  feet  in  diameter.  The  limestone  pebbles  in  this 
conglomerate  are  frequently  three  or  four  feet  in  diameter.  As 
pointed  out  forty  years  ago  by  Prof.  Locke,  and  noticed  later 
by  Dr.  Sutton,  this  conglomerate  at  Woolper  Creek  is  not 
confined  to  the  immediate  vicinity  of  the  Ohio;  though  there 
it  rises  more  than  one  hundred  feet  above  low  water  mark. 
The  conglomerate  is  conspicuously  developed  on  the  summit  of 
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tbe  hills  for  three  or  four  miles  southeast,  and  four  or  five  hun- 
dred feet  above  the  river,  and  here,  as  at  Flag's  Spring,  on  the 
other  side  of  Cincinnati,  the  formation  marks  the  true  glacial 
boundary.  It  would  seem,  however,  that  the  ice  nowhere  ex- 
tended into  Kentucky  more  than  four  or  five  miles  from  the 
river.  Near  Burlington,  in  Boone  county,  on  one  of  the  tribu- 
taries to  Gunpowder  Creek,  which  flows  to  the  south,  and  whose 
source  is  between  five  hundred  and  six  hundred  feet  above  the 
river,  there  is  a  noticeable  collection  of  granitic  bowlders  mark- 
ing the  southern  extent  of  the  ice.  Fifteen  or  twenty  of  these, 
from  one  to  three  feet  in  diameter,  were  counted  in  a  small  space. 
Three  or  four  of  these  were  composed  of  a  metamorphic  con- 
glomerate containiTig  jasper  pebbles  peculiar  to  the  eastern 
shore  of  Lake  Superior. 

ProL  Lewis  supposes  (see  Journal  of  Franklin  Institute, 
April,  1888)  that  near  Olean  in  New  York,  where  the  ice  ex- 
tended for  a  short  distance  across  the  Alleghany  Biver,  a 
snb-glacial  channel  was  kept  open.  It  would  scarcely  seem 
possible  that  this  was  the  case  at  Cincinnati ;  for  the  trough  of 
the  Ohio  is  considerably  wider  than  that  of  the  Upper  Alle- 
ghany, and  not  far  from  fifty  miles  of  the  Ohio  Valley,  border- 
ing Campbell,  Kenton,  and  Boone  counties,  Ky.,  must  have 
been  covered  by  glacial  ice.  Probably,  for  a  short  time,  the  ice 
fttCincinnati  formed  an  obstruction  to  the  channel.  But  what 
was  the  course  of  its  overflow  I  am  not  prepared  to  say.  The 
obstruction  must  have  been  at  least  five  hundred  or  six  hun- 
dred feet  in  depth,  this  being  the  height  of  the  watershed  be- 
tween the  Licking  Eiver  in  Kentucky  and  the  Ohio  Biver  on 
either  side.  Such  an  obstruction  would  set  back  the  water  of 
the  Ohio  far  up  into  the  valleys  of  the  Alleghany  and  the  Mo- 
nongahela,  submerging  the  site  of  Pittsburg  three  hundred  feet. 
(The  low  water  mark  at  Cincinnati  is  441  feet  above  the  sea, 
that  of  Pittsburg  715  feet.)  It  remains  to  be  seen  how  much 
light  this  may  shed  upon  the  terraces  which  mark  the  Ohio  and 
its  tributaries  in  Western  Pennsylvania. 

Terraces. 

Au  important  point  of  observation  has  been  the  height 
md  character  of  the  terraces  marking  the  streams  where  they 
emerge  from  the  glaciated  area.  I  will  content  myself  with 
giving  some  of  the  most  important  measurements  and  a  few 
facts  connected  with  each  stream  mentioned.  In  general,  the 
streams  in  their  course  through  the  glaciated  area  have  much 
more  gentle  current,  and  much  less  distinct  valleys,  than  in  the 
unglaciated  area,  and  the  point  where  a  stream  emerges  from  ii 
glaciated  area  is  pretty  sure  to  be  marked  by  terraces  of  excep- 
tional height,  and  exceptionally  coarse  in  their  composition. 
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1.  Big  Beaver  Oreek,  in  Pennsylvania,  emerges  from  the  gla 
ciated  region  at  Ohewtown,  in  Lawrence  oounty.  Here,  the 
terrace  is,  according  to  White,  160  feet  above  the  level  of  the 
stream,  and  is  strewn  with  granitic  boulders.  At  the  junctioQ 
of  this  stream  with  the  Ohio,  fifteen  or  twenty  miles  below,  the 
terraces  are  remarkable  and  instructive.  The  highest  is  from 
280  to  SOO  feet  above  the  Ohio  Eiver.  The  towns  of  Beavei 
and  Rochester  are  built  upon  a  lower  terrace,  which  is  120  feel 
above  the  level  of  the  Ohio.  The  composition  of  that  part  ol 
this  terrace  occupying  the  angle  upon  which  Beaver  Citj 
is  built,  and  down  stream  from  the  junction,  diflFers  remarkablj 
from  that  upon  which  Rochester  is  built,  on  the  angle  up  strean: 
from  the  junction.  In  the  angle  below  the  junction,  the  terrac< 
is  composed  of  rounded  pebbles  of  quartzite,  gneiss  and  gran 
ite,  manv  of  them  even  near  the  surface  being  a  foot  oi 
two  in  diameter.  In  the  angle  above  the  junction,  granitic 
pebbles  are  exceedingly  rare,'  and  pebbles  of  any  kind  mon 
than  two  or  three  inches  in  diameter  are  scarce.  The  ex 
planation  is  evident.  To  use  Prof.  Dana's  term  when  speak 
ing  of  the  Connecticut  River  (see  this  Journal,  Dec,  1881 
p.  466),  the  Ohio  is  the  great  distributer,  and  the  Beavei 
is  here  the  principal  contributor,  of  drift  material.  The  Ohi< 
does  not  itself  have  direct  access  to  bowlders  which  have  beei 
transported  by  glacial  ice.  The  drainage  basin  of  the  Beavei 
is,  however,  strewn  with  glacial  debris;  and,  as  the  granitic 
bowlders  of  that  area  were  borne  along  by  the  swollen  torrent 
at  the  close  of  the  glacial  period,  they  would  naturally,  oi 
reaching  the  onward,  but  less  rapid  current  of  the  broader  Ohio 
be  deposited  at  the  junction  of  the  streams,  and  in  the  angh 
which  was  down  stream. 

Passing  now  in  order  from  east  to  west,  the  more  important 
terraces  of  the  various  streams  of  Ohio  as  they  Emerge  fron: 
the  glaciated  area,  are  as  follows:  the  measurements  unlea 
otherwise  indicated,  were  made  with  a  hand  level,  and  in  most 
cases  the  uncertainty  can  scarcely  be  more  than  a  few  inches. 

2.  The  Middle  Fork  of  Little  Beaver  emerges  from  the  glaciated 
area  at  New  Lisbon.  The  terrace  here  shows  no  distinct  stratifi- 
cation :  pebbles  from  10  to  16  inches  in  diameter  are  numerous : 
the  height  above  the  river  at  railroad  station  is  36  feet ;  and  it 
extends,  with  some  interruptions,  five  miles  down  the  river  tc 
near  Elkton,  but  at  a  diminished  height  These  terraces  are 
extensively  mined  for  kidney  iron  ore.  Granitic  pebbles  arc 
abundant  At  Teegarden,  five  miles  above,  the  channel  is  nar- 
rower ;  the  terrace,  48  feet ;  material,  very  coarse,  some  of  the 
pebbles  being  four  feet  in  diameter. 

8.  East  Branch  of  Sandy  Greek, — This  is  a  branch  of  the  Tus- 
carawas, which  empties  into  the  MuskingunL     At  East  Roches* 
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ter,  in  the  southwest  corner  of  Columbiana  county,  occurs  an 
extensive  kame-like  dei)osit,  filling  the  valley  which  is  here 
about  one  half  mile  wide,  granitic  pebbles  from  three  to  six 
inches  in  diameter  are  abundant.  The  valley  runs  nearly  east 
and  west  The  kame,  however,  which  is  thirty  feet  in  height, 
with  a  slope  of  30®,  crosses  the  valley  at  right  angles,  abutting 
against  the  hills  upon  the  south.  A  small  fork  of  the  creek  which 
comes  in  here  from  the  north,  probably  explains  the  peculiari- 
ties of  the  accumulation.  Following  down  the  Big  Sandy,  for 
rix  miles,  to  Minerva,  we  find  the  accumulations  of  gravel 
gradually  diminishing,  both  in  amount  and  in  coarseness. 

4.  The  NimishiUen  is  likewise  a  branch  of  the  Tuscarawas, 
and  emerges  from  the  glaciated  area  at  Canton,  Stark  county. 
The  gravel  deposits  in  this  vicinity  are  enormous.  On  the 
east  side  of  the  city  the  terrace  is  forty-one  feet  above  the  flood 
plain.  All  the  pebbles  are  well  rounded.  The  majority  are 
granitic,  but  many  are  of  local  material.  It  is  not  uncommon 
to  find  them  sixteen  inches  in  diameter. 

On  the  west  side  of  the  city  the  terrace  rises  in  successive 
stages  to  more  than  eighty  feet,  and  the  surface  grows  more 
and  more  uneven,  until  about  two  miles  back  from  the  creek, 
it  emerges  into  an  enormous  kame  running  nearly  north  and 
south  and  known  as  "  Buck's  Ridge."  This  ridge  is  identical  in 
its  structure  with  the  kames  of  New  England.  Where  it  is  in- 
tersected by  the  Fort  Wayne  and  Chicago  R  R.,  the  kame  rises 
eighty-five  feet  above  the  plain,  is  coarsely  stratified,  contains 
many  granitic  pebbles,  one  of  which,  21^  feet  higher  than  the 
railroad,  measured  55x46x18  inches.  There  were  large  spaces 
in  which  no  stratification  appeared.  Pebbles  upon  the  summit 
from  two  to  five  inches  in  diameter  are  numerous.  The  section 
exposed  shows  a  base  of  570  feet,  with  an  altitude  of  85  feet 
The  slope  upon  the  east  side,  towards  Canton,  varies  from  18° 
to  26®,  on  the  west  side  it  is  a  little  more  gentle.  An  extensive 
sandy  plain  full  of  gentle  swells  and  ridges  stretches  to  the 
westward,  while  the  space  toward  Canton  is  occupied  by  the 
more  nearly  level  terrace.  150  yards  north  of  the  section  just 
described  begins  a  series  of  enormous  dry  kettle-holes,  whose 
rims  are  upon  a  level  with  the  top  of  the  kame.  One  measured 
800x200  feet,  was  40  feet  deep,  with  sides  sloping  inward  24^ 
A  granitic  bowlder  in  one  of  these  measured  51  X  25  X  31 
inches.  This  series  of  kettle-holes  stretches  northward,  and 
connects  with  a  line  of  glacial  lakes  extending  to  Akron, 
which  occupies  a  pass  on  the  watershed  between  the  valley  of 
the  Cuyahoga  and  that  of  the  Tuscarawas. 

South  of  Canton  one  mile  and  a  half,  and  just  below  the 
junction  of  the  two  branches  of  the  NimishiUen,  there  are  two 
well-marked  terraces,  the  first  of  which  is   much  the  broader. 
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and  is  but  thirty-eight  feet  above  the  stream.  The  apper  ter* 
race  upon  the  east  side  is  seventy-four  feet  above  the  stream, 
and  on  the  west  side  seventy-nine  feet  The  pebbles  in  the 
upper  terrace  are  a  mixture  of  granite  and  local  rock,  many  of 
them  a  foot  in  diameter;  one  granite  pebble  measured  more 
than  two  feet. 

6.  The  Tuscaratoas  River  emerges  from  the  glaciated  region 
two  miles  above  Bolivar,  on  the  boundary  between  Stark  and 
Tuscarawas  counties.  Here  upon  the  north  side  of  the  river 
(which  makes  an  immense  ox-bow  opening  to  the  south),  is  an 
enormous  kamelike  accumulation,  very  coarse  where  exposed 
near  the  summit,  and  running  for  a  mile  or  more  parallel  with 
the  river  (nearly  east  and  west),  and  bearing  upon  its  back 
numerous  granitic  bowlders.  The  terrace  from  which  this 
kame  rises  is  thirty -six  feet  above  the  river,  and  the  kame  itself 
rises  154  feet  The  ox-bow  is  occupied  by  a  gravel  deposit 
whose  surface  is  fifty -one  feet  above  the  river.  From  this 
point  down,  the  stream  occupies  a  narrower  valley,  with  dimin- 
ishing terraces,  but  at  Zoar,  five  miles  below,  wells  sunk  thirty 
feet  are  still  in  gravel.  Above  the  ox-bow,  and  upon  the  west 
side  of  the  river,  a  terrace  sixty-one  feet  in  heignt  continues 
for  a  mile  or  more  without  change. 

6.  Sugar  Creek^  another  tributary  of  the  Tuscarawas,  emerges 
from  the  glaciated  area  at  Beech  City,  a  few  miles  west  of  Bol- 
ivar. Extensive  kame-like  deposits  mark  the  course  of  the 
railroad  for  several  miles  north  of  this  point  One  and  a  half 
miles  below  Beech  City,  towards  DeardoflF's  Mills,  the  accumu- 
lations of  gravel  in  the  valley  are  immense.  The  valley  is 
here  about  one  mile  wide.  The  gravel  is  frequently  thrown 
up  in  hummocks  and  ridges  enclosing  kettle-holes,  the  summits 
of  which  are  from  twenty  to  thirty  feet  above  the  general  level. 
Below  this  point,  as  seen  from  the  cars,  the  gravel  deposits 
seem  gradually  to  diminish  and  become  of  finer  material. 
Below  New  Comerstown  much  of  the  way  the  valley  is  bor- 
dered with  a  ^terrace  of  fine  gravel  from  fifteen  to  twenty  feet 
high.  At  Coshocton,  where  the  Killbuck  and  Tuscarawas 
rivers  unite,  the  terrace  is  noteworthy  for  its  extent,  but  there 
does  not  seem  to  be  much  increase  in  its  height,  while  the 
pebbles  scarcely  ever  exceed  two  or  three  inches.  At  Dresden 
Junction  I  had  opportunity  to  examine  more  carefully.  The 
valley  is  about  one  half  mile  wide.  Pebbles  from  one  to  three 
inches  in  diameter  are  abundant,  and  are  largely  granitic.  At 
Zanesville  the  valley  seems  narrower,  but  there  is  no  percejjti- 
ble  increase  of  terrace.  A  glance  at  the  map  will  show  that 
from  Zoar  station  to  Zanesville  the  river  is  nearly  parallel 
with   the  glacial  boundary,  and   from  fifteen  to  twenty  miles 

tnt,  and  is  constantly  receiving  tributaries  whose  headwa- 
ire  in  the  glaciated  region. 
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7.  The  KiUbikck  unites  with  the  Tuscarawas  at  Coshocton  to 
fonn  the  Muskingum.  It  emerges  from  the  glaciated  region 
at  Millersburg.  Below  this  point  it  occupies  a  narrow  valley 
from  four  hundred  to  five  hundred  feet  below  the  tops  of  the 
plateau.  A  mile  and  a  half  below  Millersburg,  upon  the  west- 
em  side  of  the  stream,  the  terrace  which  is  about  a  quarter  of  a 
mile  wide  displays  numerous  kame-like  ridges  and  knolls,  the 
summits  of  which  are  102  feet  above  the  flood  plain.  This 
terrace  gradually  merges  into  the  till  which  covers  the  hills  to 
the  west  Two  miles  farther  south  the  terrace  is  composed  of 
finer  material,  is  level  topped,*  and  but  seventy-one  feet  above 
the  flood  plain.  Three  miles  farther  south,  at  Oxford,  there  is 
a  terrace  upon  the  east  side  of  the  stream,  extending  across  the 
open  ends  of  an  ox-bow  formed  by  the  stream,  which  is  sev- 
enty-six feet  above  the  flood  plain.  Not  far  from  here  Shim- 
pjins  Ilun,  a  small  stream  coming  from  the  glaciated  region 
west,  joins  the  Killbuck.  Near  its  mouth  the  terrace  con- 
taining some  granitic  pebbles,  is  sixty -one  feet  above  the  flood 
plain;  but  it  gradually  diminishes  in  height  towards  the  sources 
of  the  streams.  Above  Millersburg  there  is  no  terrace  for  a 
mile;  but  at  Holmesville,  five  miles  above,  where  three  or  four 
streams  meet,  there  is  a  gravel  deposit  two  miles  or  more  in  di- 
ameter about  twenty-five  feet  above  the  flood  plain.  On  the 
eastpideof  this  plain,  near  the  junction  of  Martinis  Creek  and 
theEillbuck,  there  is  a  kame-like  accumulation  extending  one- 
eighth  of  a  mile  northwest  by  southeast.  The  surface  is  very 
much  broken,  displaying  many  kettle-holes.  A  railroad  cut- 
tin?  through  it  shows  some  scratched  stones  in  the  material, 
and  exposes  a  depth  of  sixty-one  feet.  A  little  to  the  north  it 
rises  forty  feet  higher. 

8.  The  Mohican,  the  principal  tributary  of  the  Killbuck,  is 
formed  by  the  junction  of  Jerome  and  Black  Forks,  and  issues 
from  the  glaciated  region  near  the  northeast  corner  of  Knox 
county,  not  far  from  the  point  where  the  glacial  boundary 
turns  so  sharply  to  the  south.  Jerome  Fork  is  bordered  for 
some  distance  above  the  junction  by  a  terrace  which  rises  107 
feet  above  the  river,  and  is  composed  largely  of  coarse  granitic 
pebbles.  This  terrace  also  extends  for  a  half  mile  below  the 
junction.  AtGann  station,  eight  miles  below,  there  are  exten- 
sive deposits  of  rather  fine  gravel. 

9.  The  Licking  River  emerges  from  the  glaciated  region  at 
Newark.  Three  forks  unite  here  to  form  the  main  stream,  and 
as  usual  in  such  places  there  is  an  extensive  gravel  plain 
stretching  inward.  This  plain  is  about  twenty  feet  above  the 
river.  The  city  is  built  upon  it,  and  it  was  a  favorite  resort  for 
the  mound  builders.  For  a  mile  and  a  half  below  the  city,  the 
river  as  it  enters  the  narrower  channel  is  bordered  on  the  north 
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by  a  terrace,  which,  at  the  cemetery,  is  108  feet  above  the  river. 
The  terrace  upon  the  south  bank  opposite  the  city  is  bat  sixtf 
feet. 

10.  Jonathan  Greek  is  a  tributary  of  the  Muskingum,  rising 
in  Thorn  township,  Perry  county,  near  the  eastern  end  of  the 
Licking  Summit  reservoir.  The  valley  in  which  it  runs  af- 
forded an  important  outlet  to  the  glaciated  region.  It  is  abnat 
a  mile  wide,  and  kame-like  ridges  of  gravel,  from  fifteen  to 
twenty  feet  in  height,  extend  for  a  mile  or  more  down  the  val- 
ley, keeping  near  the  middle.  The  ridges  are  here  flanked  and 
partly  covered  by  extensive  deposits  of  muck.  Near  the  rt^ 
ervoir  the  kames  are  very  distinct,  and  much  higher.  Follow- 
ing the  line  of  the  Baltimore  and  Ohio  railway  to  the  southeast, 
low  terraces  are  continuous,  until  turning  to  the  south,  up 
another  creek,  whose  headwaters  are  near  Somerset,  and  out- 
side of  the  glaciated  region  where  terraces  and  all  other  sigas 
of  drift  are  altogether  absent 

11.  The  Hocking  River  issues  from  the  glaciated  area  at 
Lancaster.  I  did  not  examine  the  present  valley  of  the  stream 
below  Lancaster,  but  the  Cincinnati  and  Muskingum  railway 
occupies  the  natural  glacial  outlet  (now  nearly  dry)  for  several 
miles  east  This  is  in  the  north  part  of  Berne  township,  and 
just  north  of  a  continuous  escarpment  of  Waverley  sandstone, 
which  rises  abruptly  250  or  800  feet  Extensive  gravel  de- 
posits extend  for  an  indefinite  distance  along  the  course  of  this 
outlet  Gravel  is  specially  abundant  where  small  tributaries 
have  come  in  from  the  glaciated  region  just  to  the  north.  At 
the  mouth  of  Raccoon  Creek,  near  Berne  station,  gravel  depos- 
its rise  in  hills  sixty  feet 

12.  The  Scioto  River  occupies  a  much  broader  valley  than 
any  of  the  preceding,  and  is  much  the  largest  stream  issuing 
from  the  glaciated  region  before  reaching  the  Ohio.  The  gla- 
cial boundary  crosses  it  a  few  miles  above  Chillicothe,  and  the 
terraces  from  Circleville  down  are  worthy  of  close  study  ;  but  I 
must  confine  myself  to  the  gravel  deposits  near  the  glacial 
boundary.  In  the  southern  part  of  section  29,  Green  township, 
three  miles  e.ist  of  the  river,  there  arc  enormous  kames  rising 
(according  to  barometer)  150  feet  above  the  general  level,  and 
running  in  a  north  and  south  direction.  The  material  of  this 
kame  is  rather  fine,  and  consists  principally  of  limestone  peb- 
bles. Above  this  point  the  plain  is  very  broad  and  extensive; 
below  this,  the  valley  contracts  to  a  width  not  over  two  miles, 
and  is  bounded  upon  either  side  by  precipitous  sandstone  hills, 
which  rise  5o0  or  600  feet  above  the  valley.  On  going  from 
these  kames  to  the  river,  westward,  three  broad  parallel  ridges 
are  encountered,  each  one  in  order  toward  the  river  extending 
farther   south.     The  second  one  of  these  rises  abruptly  to  a 
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Uglit  of  48  feet  above  the  flood  plain.  Kame-Iike  ridges  also 
appear  upon  the  west  side  of  the  river,  near  the  southeastern 
Qomer  of  Union  township. 

18.  Paint  Greek. — Professor  Orton  (Second  Geological  Survey 
of  Ohio,  vol.  ii,  pp.  653-655),  briefly  describes  one  of  the  most 
interesting  results  of  glacial  action,  occurring  upon  Paint 
Greek,  about  6  miles  west  of  Chillicothe  (see  map).    Paint  Creek 


enters  Ross  county  near  its  southwestern  corner,  and  up  to  the 
point  mentioned,  flows  while  in  the  county  about  40^  north  of 
east,  occupying  a  valley  about  half  a  mile  wide,  which  is 
bounded  by  precipitous  hills  500  feet  high.  The  natural  con- 
tinuation of  this  valley  to  the  northeast  intersects  that  occu- 
tied  by  the  North  Fork  (running  20°  S.E.)  about  two  miles 
eyoad  the  point  we  are  considering.  It  is  evident  from  the 
whole  configuration  that  such  was  the  preglacial  course  of  the 
creek,  but  this  extension  is  now  filled  with  immense  deposits  of 
drift,  and  the  main  creek  disappears  in  a  narrow  gorge  running 
to  the  southward,  cut  through  precipitous  cliffs.  This  post- 
glacial gorge  is  about  three  miles  long,  300  feet  in  depth,  and 
not  over  200  feet  wide  at  the  bottom.  Immense  kames  stretch 
across  the  old  valley  from  the  North  Fork,  especially  near  Cat 
Tail  Run.  Some  of  them  are  at  least  200  feet  above  the 
present  flood  plain  of  the  creek.  Near  the  summit  of  these 
lames  pebbles  two  feet  through  are  interstratified  with 
coarse  sand,  and  granitic  bowlders  three  feet  in  diameter  rest 
upon  their  summits.  A  few  rods  above  the  junction  of  Cat 
Tail  Run  is  a  gravel  deposit  facing  Paint  Creek  and  140  feet 
high,  enclosing  immense  kettle-holes.  For  four  or  five 
miles  up  Paint  Creek  there  continues  to  be  a  terrace  from  100 
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to  160  feet  above  the  stream.  It  is  pretty  clear  that  the  ice  d 
not  extend  into  this  portion  of  the  valley ;  but  it  certain 
surmounted  the  hills  to  the  north,  and  all  the  small  streao 
coming  down  from  them  n^ust  have  been  gorged  with  wab 
from  the  melting  ice.  At  Bainbridge,  twelve  miles  southwes 
on  the  creek  the  terrace  is  twenty  feet  above  the  flood  plaii 
and  contains  great  number  of  pebbles  four  or  five  inclu 
through,  and  occasionally  a  granite  bowlder  four  feet  through 
14.  The  Ohio  River  does  not  have  a  continuous  terrace.  Tli 
towns  of  Ripley,  Higginsport  and  New  Richmond,  above  Cii 
cinnati,  are  built  upon  gravel  deposits  that  are  about  sixty  f6( 
above  low-water  mark.  These  towns  were  all  flooded  in  Jam 
ary  last.  The  upper  portion  of  the  old  part  of  Cincinnati  i 
however,  upon  a  glacial  terrace  that  is  about  sixty  feet  highe 
The  junction  of  the  Miami  with  the  Ohio  below  Cincinnati,: 
characterized  by  gravel  deposits  of  enormous  extent  The  va 
ley  is  here  from  three  to  tour  miles  wide,  and  above  Auror 
near  Lawrenceburg,  is  bordered  upon  the  west  by  a  terrace  wha 
surface  is  seventy -eight  feet  above  the  flood  plain  of  the  rive 
upon  which  Lawrenceburg  is  built,  and  112*  feet  above  lo^ 
water  mark.  The  terrace  is  here  from  one-fourth  to  thre 
fourths  of  a  mile  in  width.  The  gravel  deposit  upon  the  Kei 
tucky  side  of  the  river  opposite  Lawrenceburg  is  of  eqai 
height,  but  much  narrower.  Four  miles  below,  this  gravi 
deposit,  upon  the  Kentucky  side,  is  cemented  together  h 
innltrations  of  lime,  and  constitutes  what  is  called  the  '*SpI 
Rock"  formation.  Two  miles  above  Bellevue,  and  about  tl 
same  distance  below  **  Split  Rock,*'  occur  some  kame-like  ridgi 
upon  the  Kentucky  side,  whose  summits  are  more  than  U 
feet  above  low-water  mark. 

CONCLUSION. 

It  is  not  best  at  present  to  speculate  too  freely  upon  th« 
facts.  Each  of  these  tributaries  to  the  Ohio  should  be  can 
fully  studied  through  its  entire  course,  and  much  remains  1 
be  done  upon  the  Ohio  itself.  Enough,  however,  appears  t 
give  new  interest  to  the  whole  question  of  the  glacial  perioc 
and  to  raise  the  hope  that  the  amount  of  erosion  afforded  b 
the  streauLs  of  the  interior  will  afford  some  additional  evidem 
concerning  the  date  of  the  close  of  the  glacial  period  in  Aine 
ica.  The  full  report  of  my  last  summer's  work,  with  mored< 
tailed  maps,  will  be  published  by  the  Cleveland  Historic) 
Society,  whose  friends  have  borne  my  expense  in  the  field. 
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Abt.  VIII. — On  (he  Variation  of  the  Specific  Heat  of  Water ;  by 
G.  A.  LiBBiG,  Student  of  Physics  in  the  Johns  Hopkins 
University.  • 

USTIL  the  ^ear  1877  it  was  generally  believed  by  physicists 
that  the  specific  heat  of  water  increased  regularly  from  0^  to 
100°.  Durioff  that  year,  however,  Professor  Rowland  proved 
by  his  researches  on  the  mechanical  equivalent  of  heat*  and  bv 
separate  experiments,  using  the  method  of  mixture,  that  the 
specific  heat  of  water  did  not  increase  regularly  with  increase 
of  temperature,  but  decreased  from  0*^  to  a  minimum  at  about 
80°.  In  1882,  F.  Neesen,t  of  Berlin,  investigated  the  sub- 
ject, deducing  the  variation  of  the  specific  heat  of  water 
from  the  specific  heat  of  platinum,  which  he  had  previously 
determined  ;  and  although  his  results  are  not  quantitatively 
the  same  as  Rowland's  they  are  so  qualitatively,  i.  e.  they  show 
that  the  specific  heat  of  water  decreases  from  0*^  to  a  minimum 
somewhere  near  80**.  Owing  to  the  general  interest  and  im- 
portance of  these  conclusions,  I  have,  at  the  instance  of  Pro- 
fessor Rowland,  undertaken  during  the  last  few  moDths  a  new 
series  of  experiments.  The  apparatus  used  was  that  devised 
and  employed  by  him  in  his  researches,  and  the  method  of 
procedure  was  also  as  nearly  as  possible  identical  with  his. 

The  two  thermometers  (Nos.  108,947  and  108,954)  necessarv 
for  the  work  were  made  by  Hicks,  and  graduated  in  mil- 
limetera  They  were  carefully  calibrated  and  compared  with 
the  University  Standards,:^  after  which  a  table  of  temperatures 
was  constructed  for  each.  They  were  found  to  agree  very 
closely  with  the  air  thermometer,  verifying  the  conclusions 
reached  in  the  article  before  referred  to,  tliat  thermometers 
made  of  English  glass  are  characterized  by  this  property. 

Some  idea  of  the  form  of  the  apparatus  used  can  be  had 
from  an  inspection  of  the  accompanying  figure  (taken  from 
Professor  Rowland's  paper).  It  consisted  of  three  essential 
parts;  a  reservoir  A  which  was  filled  with  broken  ice,  or  warm 
water  according  as  the  experiment  was  to  be  made  at  low  or 
high  temperatures,  connecting  by  means  of  a  three-way  stop- 
cock with  an  interior  vessel  B  and  with  the  vulcanite  spout  C  ; 
the  calorimeter  E,  into  an  orifice  in  which  the  vulcanite  spout 
fitted  closely  ;  and  a  water  jacket  M  entirely  surrounding  the 
calorimeter.  The  reservoir  and  spout — which  was  very  short 
-were  wrapped  with  a  cloth  to  obviate  change  of  temperature, 

*MK'h.  Equiv.  of  Heat,  Proc.  Am.  Academy  Sciences,  1880. 

I  Add.  Physik  u.  Cliemie,  nene  Folge.  vol.  xviii.  1S83. 

^  These — Nos.  6.103  and  7,832 — were  made  '-y  Baudiii,  and  had  frequently 
been  compared  with  the  air  thermometer.  No.  0.  HI3  was  used  ^y  Professor  Row- 
Und  in  his  before-mentioned  researdi. 
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and  the  calorimeter  was  lield  in  place  by  three  vulcanite  st 
to  prevent  conduction  to  the  jacket.  Although  when  exr 
meriting  at  low  temperatures  the  vessel  B  was  useless,  sbl 
was  often  kept  in  place  and  the  water  from  the  meltiog 
allowed  to  flow  through  it  before  entering  the  calorimeter, 
no  case  did  the  temperature  of  the  water  from  the  ice,  wbet 


the  vessel  B,  difter  appreciably  from  zero.  The  opening  i 
the  stop-cock  was  always  covered  with  fine  wire  gauze  to  ] 
vent  particles  of  ice  from  lieing  carried  into  the  calorimi 
with  the  flowing  water.  Tlie  calori/neter  was  made  of  very  I 
copper  and  lightly  pintetl  willi  nickel :  three  orifices  on  tlie 
permitted  the  in.'jertiori  of  tlie  vulcanite  spout  and  the 
thermometers.  Tlie  weiglil  of  the  calorimeter  was  388'0  gr 
and  its  calorific  capacity  3'»4  grams.  During  the  course  of 
investigation,  the  stirrer  II  having  been  broken,  it  was  ne 
sary,  in  order  to  repair  it.  to  unsolder  and  afterwards  reso! 
the  top  of  the  calorimeter.  In  this  way  the  weight  of 
calorimeter  increased  four  grains.  But  as  the  increase  wiis 
entiix;ly  to  solder,  nothing  else  having  been  removed  or  adi 
the  new  capacity  was  readily  determined.  Thus,  assuming 
der  to  be  composed  of  equal  ports  of  tin  and  lead,  its  spec 
heat  between  U°  and  40'  would  be  about  V-kZ,  therefore 

■0-l;l  X  ■*=  -172 
or  '2  must  be  added  to  tlie  former  value  of  the  capacity,  re 
ing  86-6  and  the  weight  392-ii  gi-ams. 

The  methoil  ot'  experimenting  was  as  follows :  the  vesae 
having  been  filled  with  broken  ice,  the  thermometers  were 
mersed  therein  and  after  about  ten  or  twelve  minutes  their  i 
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readings  taken.     The  calorimeter  was,  in  the  mean  time,  filled 
about  two-tbirds  with  water,  weighed  and  placed  in  position 
within  the  jacket ;  one  thermometer  was  then  removed  from 
the  ice  and  immersed  in  the  water  in  it     After  a  sufficient 
lapse  of  time,  readings  were  taken  every  minute  for  six  or 
seven  minutes,   to  determine  the   time  correction   for  radia- 
tion.    The  stop-cock  was  then    turned,  water  flowed  from 
A  into  the  calorimeter,  and  the  other  thermometer   having 
been  placed  in  the  latter,  the  flow  of  water  was  discontinued, 
and  readings  of  both  thermometers  taken  every  minute  as  be- 
fore.   In  this  way  the  final  temperature  of  the  mixture  was 
gi  \7en  as  the  mean  of  the  readings  of  the  two  thermometers, 
Dne  of  which  approached  it  from  above,  the  other  from  below. 
T?\ie  mean  must  therefore  have  been  very  nearly  correct,  even 
if   thermometers,  as  is  supposed,  lag  behind  the  true  tempera- 
tiare.    Corrections  for  the  calorific  capacity  of  the  thermome- 
t^Ts  (equal  to  about  1*1  gram  for  each)  and  for  protruding  stem 
always  applied,  as  well  as  a  time  correction  for  radiation, 
e  tem|)erature  of  the  jacket  was  always  noted,  but,  because 
never  differed  more  than  one  or  two  degrees  from  that  of  the 
sizmrrounding  air,  and  owing  to  the  before-mentioned  corrections^ 
i;t;.   has  not  been  thought  necessary  to  give  it.     As  an  example, 
^    e  following  experiment  is  given  in  detail : 


W  be  the  weight  of  the  calorimeter  alone. 
5t  W^  be  the  weight  of  the  calorimeter  +  water  before  adding 

water  from  vessel  A. 
Jt  W^,  be  the  weight  of  the  calorimeter  -f  water  after  adding 
water  from  vessel  A. 
^  ^  temperature  of  calorimeter  before,  t^  =  temperature  of  mixture* 
^^*^  temperature  of  water  in  vessel  A 

"ien  with  the  proper  corrections 

(W,— W)(^— OXsp.  heat  between  t  and  t  , 

7^5=— — ,rrr  C,l — Tx — - — i i 7^=con8tant,  then 

CW^,— W^)(«^^ — «^)  X  sp.  heat  between  t^^  and  ^,  ' 

sp.  heat  between  t^^  and  t^^   (W^ — W)(«^  — 0 
sp.  heat  between  t^  and  ^""(W^^  — WJ(^^^— ^^)' 

W  =  with  added  solder  392-6  ;  W^  z=:  1574-8 ;  W^^  =  2419*9. 

Zero  readings  of  thermometer  108,947  were  '35     -38     -38 
Zero  readings  of  thermometer  108,964  were  -00     -00     -00 
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EeadiDgflOD 

Thermometer. 

108.947 

108,954 

calorimeter. 

In  veaiel  A. 

248*39 

0-00 

242*95 

0*00 

242*50 

000 

24205 

0*00 

In  calorimeter. 

143-50 

140*60 

143*60 

140*68 

143*70 

140*74 

=i'Oo: 


Time. 
42 
43 
44 
45 

46t 

48J 

Water  running  from  time  45t  to  46i,  therefore  temperatu: 
water  in  calorimeter  at  the  instant  of  mixing  is  that  at 
45f  or  241*76  and  the  temperature  of  mixture  the  mea 
140*68  and  148-40,  now 

241*75  corrected  -f'^l^  for  zero  and  +  046  for  stem  =  d3*£ 
143-40  corrected  -j-'^l^  for  zero  and  —  004  for  stem  =  19*1 
140*53  corrected      0*00  for  zero  and  —  004  for  stem  =  19*1 

W^-W=1574*8— 892*5  +  35*4+1*1     ^,-.fc=33 '507-  19*73; 
W,—W,=:2419*9— 1574*8+1-1  «^^-^  =19*736— 0 

hence 

ap.  heat  0*--19°     (1674-8-392-5-f  35-6 -f  11) (33-507 -19-735) 
sp.  heat  19'*-33*'"  (2419-9- 1674-8 +  11)  19-736 

The  temperatures  throughout  are  on  the  absolute  scale, 
results  are  given  in  a  more  concise  form  in  Table  L  It 
table  the  first  two  columns  give  the  weight  of  the  calorir 
and  contained  water  before  and  after  the  addition  of  water 
the  reservoir  A.  The  next  eight,  of  which  four  are  dei 
to  thermometer  108,947  and  four  to  108,954,  are  occupie 
the  readings,  temperature  of  surrounding  air,  correction  foi 
truding  stem  and  reduced  temperature  (absolute  scale), 
each  experiment  the  initial  temperatures  are  placed  on 
upper  row  and  the  final  temperatures,  i.  e.  those  of  the 
ture,  occupy  the  lower  row.  The  ratios  of  the  specific 
between  the  assigned  limits  will  be  found  in  the  last  twc 
umns,  one  of  which  is  taken  up  by  Rowland's  fig 
Although  it  was  attempted  to  make  the  limits  coincide 
Rowland's,  still  in  many  cases  this  was  impracticable 
blanks  have  in  consequence  been  left  in  three  or  four  pi 
Where  the  temperature  intervals  are  comparable  it  will  be 
that  there  is  great  similarity  in  the  results. 

It  may  be  interesting  to  further  compare  these  values 
those  which  can  be  computed  from  the  tables  given  in 
fessor  Rowland's  paper  on  the  mechanical  equivalent  of 
The  specific  heat  varies  directly  as  the  mechanical  ea 
lent;    it  is   therefore  only  necessary  to  plot  a  curve  witl 
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values  of  the  mechanical  equivalent  (given  in  table  LIII)  \ 
different  temperatures  as  ordinates  and  temperatures  as  a' 
scissor.  Then  measuring  off  ordinates  as  averages  between  tl 
required  limits,  and  dividing  one  by  the  other,  the  ratios  < 
the  specific  heats  between  the  same  degrees  of  temperature  wi 
be  obtained. 

Table  II. 


Temperature 
Intervaln. 


0-U 

14-17 
0-17 

17-22 

o-n 

lY-29 
0-18 

18-27 
0-19 

19-30 
0-19 

19-33 
0-20 

20-31 
0-21 

21^8 
0-23 

23-30 
0-23 

23 -3« 
_0-24 

24-29 
20-24 

24-29 
21-24 

24-31 
21-29 

29-36 
25-27 

27-31 
29-32 

32-38 


Mecb.  equivalent 
▼alue. 

1-0046 

10066 

1-0067 

1-0063 

r0065 

1-0066 

1-0064 

10000 

10059 

1-0068 

1-0058 

10013 

1-0012 

1-0007 

1-0004 

-9996 

Bowland. 


1  0027 
1-0024 
1-0025 
1-0067 
1-0062 


10045 


•9983 


■9954 


Neesen. 


1-0079 
1-0099 
1-0111 


10368 


•9794 


Ueblg. 


1-0030 


1-0015 


1-0057 
10053 
1-0051 
1-0032 
1-0043 
1  -0034 
1-0045 
-9980 
•9989 


•9995 


A  glance  at  table  II  will  show  how  these  compare  with  th 
results  of  other  determinations.  It  will  be  remarked  tha 
although  in  no  case  do  the  figures  (with  the  exception  of  Ne< 
sen's)  differ  very  greatly  among  themselves,  still  there  is  a  r< 
markable  discrepancy  in  the  indications  of  the  position  of  th 
minimum.  The  values  deduced  from  the  mechanical  equivj 
lent  certainly  place  the  minimum  at  about  80°,  while  thos 
obtained  from  direct  experiment  as  surely  place  it  at  aboi 
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28®,     There  can  be  no  doubt  that  experiments  on  the  mechani- 
cal equivalent  can  be  made  with  far  greater  accuracy  than 
those  on  the  specific  heat  b}^  the  method  of  mixture,  and  the 
total  variation  between  0°  and  30°  is  only  about  one  per  cent; 
nevertheless  it  does  appear  surprising  tliat  three  independent 
series  of  results  (two  by  one  method  and  one  by  another)  all 
agreeing  so  closely  on  this  point,  should  differ  from  the  orig- 
inal value  given  by  the  mechanical  equivalent.     I  have  in  vain 
sought  its  cause  in  any  constant  error  which  I  could  detect 
inherent  in  either  method,  and  have  now  no  explanation  to 
offer  of  this  minor  discrepancy,  but  reaffirm  as  the  result  of 
direct  experiment  that  the  specific  heat  of  water  decreases  from 
zero  to  a  point  between  twenty  aod  thirty  degrees  centigrade. 

Baltimore,  May  16,  1883. 


SCIENTIFIC     INTELLIGENCE. 
I.   Chemistry  and  Physics. 

1.  On  the  Variability  of  the  Law  of  Definite  Proportions. — 
Ajear  or  more  ago,  Schutzenberger  announced  that  in  analyzing 
«ome  hydrocarbons,  the  sum  of  the  carbon  and  liydrogen  was  101 
for  100  parts  of  material;  the  result  under  other  conditions 
being  normal.  Boutlerow  has  called  attention  to  this  anomaly, 
%&  illustrating  views  he  has  held  for  three  years.  The  result  can 
be  accounted  for  by  supposing  (1)  that  the  absolute  quantity  of 
ponderable  matter  has  increased,  that  which  we  call  energy  being 
transformed  into  that  which  we  call  matter;  or  (2)  the  quantity 
of  matter  remaining  the  same,  its  weight  has  increased ;  neither 
of  which  hypotheses  are  admissible;  or  (3)  that  the  weight  of  the 
substance  has  not  varied  but  its  chemical  value  has  changed.  If 
the  atomic  weight  of  carbon  falls  temporarily  to  11*8  in  place  of 
12,  for  example,  its  capacity  for  saturation  is  increased  by  a  six- 
tieth and  the  quantity  of  carbon  dioxide  formed  by  the  same 
quantity  of  carbon  by  weight,  is  greater  in  that  ratio.  The 
author  considers  this  hypothesis  by  no  means  inadmissible,  even 
when  the  classic  researches  of  Stas  are  taken  into  the  account. 
Hence  he  has  undertaken  a  series  of  experiinents  to  test  it.  Tlie 
atomic  weights  of  red  and  of  white  phosj>horus  will  be  accurately 
compared ;  the  quantity  of  HgCl,  formed  from  a  known  quantity 
of  metal,  which  is  combined  directly  with  chlorine  either  in  the 
dark,  in  sunlight  or  in  magnesium  light  or  under  a  variety  of 
inflqences,  will  be  determined ;  and  so  on.  Stas's  labors  have 
fixed  the  absolute  constancy  of  atomic  weights,  it  is  true,  but 
only  under  certain  conditions.  Tliere  may  be  other  conditions 
under  which  the  atomic  weights  and  the  composition  of  bodies 
will  vary.  Indeed  if  we  accept  the  results  of  Stas  we  must  admit 
that  the  atomic  weights  cannot  be  expressed  in  whole  numbers; 
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bat  who  can  say,  in  the  present  state  of  science,  that  the  hypothec 
sis  of  Prout  does  not  rest  on  a  more  or  less  solid  foundatiou? 
Other  experimental  laws,  as  for  example,  that  of  Boyle  and  Mar- 
riotte,  vary  within  certain  narrow  limits.     May  not  Front's  hypoth- 
esis be  true  under  conditions  not  yet  understood  ?    To  ask  such  a 
miestion  is  to  deny  the  absolute  constancy  of  atomic  weights. 
But  if  we  put  aside  the  atomic  theory  of  the  physicist  which 
regards  atoms  as  actual  indivisible  particles,  then   the   atomic 
weight  of  an  element  represents  only  a  certain  quantity  of  matter 
by  weight,  the  carrier  of  a  fixed  quantity  of  chemical  energy. 
For  other  forms  of  energy,  the  quantity  is  far  from  being  fixed  oy 
the  mass  of  matter ;  on  the  contrary,  the  mass  may  be  the  same 
and  the  energy  increase,  as  when  the  velocity  increases.     Why 
may  not  the  same  tiling  take  place  for  chemical  energy,  although 
confined  within  certain  narrow  limits?   'At  first  it  appears  strange 
to  admit  the  possibility  of  a  variation  in  the  composition  of  a  defi- 
nite chemical  compound.     Carbon  dioxide,  for  example,  will  no 
longer  be  a  body  containing  absolutely  82  parts  of  oxygen  for  12 
parts  of  carbon  (or  rather  3r92  for  11*97);  it  will  be  a  combina- 
tion of  carbon  and  oxygen  in  which  the  relative  (quantity  of  the 
constituents  may  vary,  for  instance,  between  the  limits  12  :  32  and 
1 1*8 :  32.     But  will  these  varieties  of  carbon  dioxide  constitute 
identically  the  same  chemical  compound  ?    Certainly  up  to  a  cer- 
tain point.     There  will  no  longer  be  absolute  identity,  but  the 
properties  in  general,  especially  the  chemical  properties  will  re- 
main the  same.     In  fact  the  properties  of  a  compound  arc  only 
the  result  of  the  reciprocal  action  of  the  elements  which  mutually 
combine  with  and  saturate  each  other,  this  state  of  satui^tion 
remaining  unchanged  in  all  cases  since  the  relative  quantities  of 
chemical  energy  acting  on  the  side  of  each  element  remain  the 
same  in  spite  of  the  changes  in  the  mass  of  the  carriers  of  this 
energy. 

After  the  presentation  of  the  above  paper  to  the  Chemical  Soci- 
ety of  Paris  by  AVurtz,  Schutzenbergeu  gave  his  views  on  the 
subject,  enumerating  the  facts  which  led  him  to  the  conclusion  that 
the  law  of  definite  proportions  was  not  absolute  as  generally  sup- 
posed. According  to  his  analyses,  a  body  such  as  water  may 
vary  in  composition  between  very  narrow  limits,  the  differences 
not  sensibly  affecting  its  properties.  Between  these  limits,  there 
is  a  ratio  corresponding  to  the  maximum  stability  which  in  the 
majority  of  cases  is  attained.  A  crystallized  body,  such  as  copper 
sulphate  or  ferric  oxide,  is  generally  constant  in  composition,  the 
crystallization  rigorously  detennining  the  ratio ;  but  in  most  cases 
it  is  possible  to  vary  the  composition  of  bodies  by  varying  the  cir- 
cumstances under  which  they  are  formed.  Of  this  he  gives  the  fol- 
lowing cases:  (1)  hydrocarbons,  such  as  are  obtained  from  Cauca- 
sian petroleum,  or  even  turpentine,  when  burned  in  a  combustion 
tube  with  CuO  and  a  current  of  oxygen,  show  always  a  loss  of 
carbon  of  1  to  1^  per  cent  when  effected  at  a  low  temperature  and 
under  circumstances  where  no  carbonous  oxide  or  empyreuniatio 
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products  could  escape.     (2)  When  diamond  is  burned  .at  a  high 
temperature  in  pure  oxygen,  the  carbon  dioxide  formed  has  oxidiz- 
ing properties  which  it  does  not  possess  when  produced  by  the  com- 
bastion  of  an  organic  compound  at  the  expense  of  CuO.     (3) 
Barium  carbonate  obtained  by  precipitating  baryta  water  pure, 
boiling,  by  an  excess  of  CO,,  washing  and  drying  at  100°,  then  at 
440*,  contains,  as  Berzelius  showed,  21*7  per  cent  CO,  for  78*5  per 
cent  BaO.     Heated  to  a  red  heat  in  a  current  of  dry  oxygen,  it 
iDcreases  considerably  in  weight  without  losing  CO,;  and  the  pro- 
duct gives  22-0  to  2205  of  CO,  to  765  of  BaO.     (4)  In  calcining 
cream  of  tartar  at  a  red  heat  and  lixiviating,  a  solution  is  obtained 
which,  on  the  addition  of  boiling  baryta  water,  gives  a  liomogene- 
oos  crystalline  precipitate  in  fine  needles,  drying  to  a  yellowish 
powder,  increasing  in  weight  and  becoming  white  by  calcination 
in  oxygen.     Before  calcination,  it  contained  21*6  CO  to  76*5  BaO; 
afterward  22*05  to  76*5.     The  potassium  carbonate  from  the  black 
flux,  previously  heated  to  redness  in  a  current  of  oxygen,  gives 
with  barj'ta  water  in  ebullition  a  white  amorphous  ])recipitate, 
with  a  tint  on  drying  rather  blue  than  yellow,  containing  22*0 
CO,  and  76*5  BaO.     (b)  ^^''i^»  copper  oxide  is  reduced  by  CO, 
the  ratio  of  the  CO  to  0  in  place  of  being  14 :  8  is  14  :  8*05  ;  while 
if  the  reduction  is  effected  by  hydrogen  tlie  ratio  is  1 :  7'96.     One 
equivalent  of  CO  can  therefore  remove  8*05  of  O  from  CuO  at  a 
dark  red  heat ;  while  one  equivalent  of  hydrogen  removes  at  the 
same  temperature  only  7 '96.     If  the  equivalent  of  O  be  8,  then 
that  of  CO  is  13-91  and  that  of  C  5-91.     (6)  When  water  is  syn- 
thesized by  reduction  of  a  known  weight  of  CuO,  by  weighing 
the  reduced  copper  and  the  water  formed,  it  is  found  that  tlie  ratio 
of  0  to  H  is  not  constant,  but  varies  with  the  state  of  division  «nd 
of  saturation  of  the  oxide,  the  duration  of  contact  of  the  water 
formed  with  the  oxide,  and  with  the  temperature,  from  7*95  to 
8*15.    The  latter  value  is  obtained  with  a  saturated  and  divided 
oxide  filling  the  tube;  the  former  with  oxide  in  lumps  filling  the 
tube  for  a  space  of  25  cm.     With  a  lart|;er  emj)ty  space,  the  ratio 
haafiallen  to  7*90.     (7)  When  the  syntliesis  of  water  is  effected 
by  weighing  the  hydrogen  consumed  (as  by  dissolving  a  known 
weight  of  zinc  in  HCl)  and  the  water  formed,  the  ratio  differs 
according  to  the  contents  of  the  combustion  tubes.     If  it  contains 
granular  CuO  over  a  lengtli  of  rtO  cm.  heated  to  redness,  tlie  ratio 
of  0:  His  7'96  to  7*98:1;  at  a  low  temperature,  7-90  to  7'93;  if 
the  CuO  is  replaced  by  PbCrO^,  from  7*89  lo  7*0.S.  .  (8)  Wlien- 
ever  the  ratio  in  these  syntlieses  is  above  K,  the  water  formed, 
while  neutral,  possesses  oxidizing  properties  analogous  to  those 
which  the  sur-oxygenated  CO^  possesses,  and  distinct  from  those 
of  hydrogen  peroxide.     (9)  Numerous  analyses  of  metallic  oxides 
show  the  same   variation   in   comi)osition   within    narrow   limits, 
according  to  their  mode  of  formation.      Wi^O   j)rodueed   from    tlie 
nitrate  produces,  in  oxidizing  formic  acid,  more  carbon  dioxidt* 
than  the  precipitated  oxide.     SnO^  from  calcined  rnetastannic  acid 
contains  more  oxygen  than  that  produced  by  oxidizing  the  lower 
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oxide.  MnO,  prepared  by  calciniDg  the  nitrate  contains  more 
oxygen  than  the  formula  requires.  Ferric  oxide  obtained  from 
the  nitrate,  gives  the  atomic  weight  54  for  Fe,  from  the  fonnula 
Fe^O, ;  while  the  ferric  oxide  obtained  by  roasting  ferrous  oxalate 
gives  66.  Lead  oxide,  when  produced  by  calcining  the  nitrate 
gives  for  lead  an  atomic  weight  of  207*2;  while  that  obtained  by 
calcining  the  carbonate  in  nitrogen,  contains  less  oxygen.  The 
same  differences  are  observed  with  cadmium,  zinc,  and  copper 
oxide. — Btdl,  Soc.  Ch,y  II,  xxxix,  257,  263,  Mch.  1883.      G.  F.  b. 

2.  0)1  Platinized  Magnesium  as  a  /deducing  Agent, — ^Ballo  baft 
called  attention  to  the  fact  that  magnesium,  which  has  absolutely 
no  action  uj)on  pure  water,  decomposes  this  liquid  rapidly  with, 
the  evolutio!!  of  hydrogen  and  the  production  of  magnesium  hy- 
drate, on  the  addition  of  a  few  drops  of  platinic  chloride,     a.^ 
thiTcfore  recommends  platinized  magnesiimi  as  a  reducing  agent. 
Some  nitrobenzene,  mixed  with  a  few  cubic  centimeters  of  wat^T 
and  enough  alcohol  to  bring  it  into  solution,  was  treated  wifc.1i 
magnesium ;  upon  the  addition  of  a  few  drops  platinic  chlorid  ^, 
action  began  and  a  feeble  evolution  of  gas  appeared.     The  liqa^d 
filtered  from  the  excess  of  magnesium  and  the  hydrate,  contain^<5 
aniline,  the  reduction  being  comj)lete.     For  the  detection  of  ni- 
trobenzene this  method  has  the  advantage  that  the  base  is  pro — 
duced  in  the  free  state. — Jier.  Berl,  Chem,  Gea.,  xvi,  694,  Apr.^ 
1883.  G.  F.  B. 

3.  On  a  Neic  Synthesis  of  A^ithracefie, — In  the  hope  of  produo-  ' 
ing  an  isomeric  tetraphenylethane,  Axscntrrz  and  Eltzbacker 
studied  the  action  of  aluminum  chloride  upon  tetrabromide  of 
acetylene  dissolved  in  benzene.  From  the  products  of  the  reac- 
tion, a  hydrocarbon  was  easily  isolated,  difficultly  soluble  in  the 
ordinary  solvents,  which  instead  of  the  expected  tetraphenyleth- 
ane proved  to  be  anthracene.  The  reaction  may  be  represented 
as  follows : — 

"fir:  CH   'Rr ''  ^^^^ 

C.1I,  I  H,+ g;:;  ^^  :5;:+H,iC.H,=C.II.^jpC.II.+(HBr), 

The  importance  of  this  synthesis  is  evident.  In  the  first  place  it 
affords  the  first  experimental  evidence  for  the  assumption  gener- 
allv  made  that  the  middle  carbon  atoms  in  anthracene  are  directly 
united.  And  in  the  secon<l,  it  is  the  first  aluminum  chloride  reac- 
tion in  which  a  single  benzene  molecule  gives  up  two  hydrogen 
atoms  to  unite  with  a  hydrocarbon  residue. — Ber,  Berl,  Chem. 
Ges.y  xvi,  623,  April,  1883.  G,  F.  B. 

4.  On  the  I^eparation  of  Acetol  from  Sugar. — Acetol  is  the 
alcohol  of  acetone.  Emmbrlin(;  and  Looks  have  prepared  it  from 
both  dextrose  and  saccharose.  Anhydrous  dextrose  is  fused  in  a  - 
retort  and  half  its  weight  of  caustic  potash  added  in  small  pieces.  - 
With  active  evolution  of  empyreumatic  fumes,  a  liquid  distilled^ 
over  which  reduced  Fehling's  solution  in  the  cold.  On  fractioning,^  ; 
a  combustible  liquid  was  obtained  boiling  at  80**.  But  the  dehy— ^ 
drating  process  is  ditfioult ;  so  that  the  presence  of  the  acetol  wi 
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proved:  Istj'by  oxidation  with  chromic  acid  which  ^ave  acetic 
and  carbonic  acids;  and  2d,  by  reducing  copper  oxide  with  it. 
Saccharose  also  yields  acetol  by  this  treatment. — Ber,  Berl.  CJiem, 
Ges^y  xvi,  837,  April,  1883.  g.  f.  b. 

5.   On  the  Product  of  the  slow  CombtMtion  of  Ether, — The 
peculiarly  penetrating  odor  produced  by  the  slow  combustion  of 
€tber  has  been  exammed  by  Lrgler.     From  150  to  200  c.  c.  of 
ether,  25  to  30  c.  c.  of  the  cnide  product  was  obtained.     This 
exposed  for  ten  davs  over  sulphuric  acid  eave  crystals  in  rhom- 
bic prisms  resembling  ice  flowers,  soluble  m  water,  alcohol,  ether 
and  chloroform,  fusing  at  51®,  neutral  in  reaction  and  affording 
on  analysis   numbers  leading  to  the  formula  C„H„0„.     With 
alkalies  it  evolves  hydrogen,  formic  acid  and  methyl  aldehyde. 
With  ammonia,  it  gives  oxygen  with  the  other  bodies. — Liebig 
Ann,^  ccxvii,  381,  April,  1'883.  G.  v.  b.  * 

6.  Curved  diffraction  gratings, — Mr.  R.  T.  Glazebrook  enters 
into  a  mathematical  investigation  to  show  that  the  concave  grat- 
ings of  Professor  Rowland  are  subject  to  aberration  effects.  He 
«how8  that  concave  gratings  may  have  too  large  a  surface,  and 
that  better  effects  can  he  obtained  by  covering  over  a  certain  por- 
tion of  the. ruled  surface.  He  finds  that  in  one  grating  "if  its 
lize  be  reduced  to  f  of  what  it  actually  is,  the  extreme  lateral 
aberration  will  be  reduced  to  about  \  of  its  actual  value,  thus 
becoming  about  y^  of  a  centimeter,  and  the  extreme  difference  of 
phase  in  the  light  of  a  given  wave-length  X  reaching  any  point  of 
the  diffracted  spectnim  will  never  exceed  A/'4,  the  dispersion  will 
remain  unaltered,  the  definition  and  the  brightness  of  the  spec- 
trum will  both  be  increased."  With  lenses  of  focal  length  which 
are  indicated,  Glazebrook  shows  that  a  plane  gratiucj  ruled  on 
glass,  would  in  certain  cases  give  !nore  light  for  goo(l  definition 
than  a  concave  grating. — Phil.  Mag.^  June,  1883,  414-423. 

J.  T. 

7.  Regenerative  theory  of  ^olar  action. — Under  this  title  Mr. 
Er5bst  H.  Cook  criticises  Siemens'  theory  of  solar  energy.  No 
evidence  is  found  in  planetary  atmospheres  of  a  difference  in  com- 
position at  high  and  low  altitudes.  Gay-Lussac  and  Th^nard 
collected  air  in  a  balloon  at  an  elevation  of  7,000  meters  and 
found  that  it  contained  exactly  the  same  proportional  quantity  of 
oxygen  as  that  collected  at  the  same  time  in  Paris.  Brunner 
analyzed  the  air  collected  at  the  top  and  at  the  bottom  of  the 
Fanlhom  and  found  the  same  j)roportions  of  oxygen  and  nitro- 
gen. Frankland  has  found  that  the  composition  of  air  up  to 
altitudes  of  14,000  feet  is  constant.  There  is,  therefore,  no  ter- 
restrial evidence  of  the  separation  of  the  constituents  of  the  atmos- 
phere which  the  theory  supposes.  Again  the  evidence  for  the 
theory  deduced  from  the  composition  of  meteorites  is  not  conclu- 
sive. In  certain  meteorites  a  very  large  proportion  of  carbon 
dioxide  is  found — much  larger*  than  exists  in  our  atmosphere. 
This  would  seem  to  indiqute  that  the  meteor  had  passed  through  an 
atmosphere  very  rich  in  carbon  dioxide.     F.  Mohr  has  shown  that 
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a  large  proportion  of  water  is  contained  in  the  porous  straoture  of 
meteorites,  and  he  and  Prof.  Smith  have  also  detected  the  presence 
of  carbonaceous  substances  in  meteoric  bodies.  When  the  meteor 
is  raised  to  a  high  temperature  by  coming  into  contact  with  our 
atmosphere — the  water  of  constitution  would  be  decomposed,  the 
hydrogen  being  set  free  and  the  oxygen  would  then  combine  to 
form  magnetic  oxide.  The  fused  shell  of  the  exterior  of  the 
meteorite  would  thus  enclose  gases  at  a  high  pressure.  Since  all 
•  the  planets  are  also  immersed  in  the  supposed  atmosphere — of  Dr. 
Siemens,  an  aerial  current  should  form  constantly  in  the  northern 
hemisphere  from  the  northeast,  and  in  the  southern  from  the 
southeast.  These  currents  would  be  opposed  to  the  "  return 
trades."  Mr.  Cook  discusses  the  dissociation  effects  in  the  atmos- 
phere of  the  sun,  and  finds  that  the  constitution  of  the  gases  pro- 
jected into  space  would  be  very  different  from  that  supposed  by 
Dr.  Siemens.  The  spectroscopy  of  the  stare  moreover  affords  no 
evidence  of  Dr.  Siemens'  hypothesis. — Phil,  Jlfa//.,  June,  1883,  pp. 
400-405.  J.  T. 

8.  Eff^ect  of  Pressure  on  the  melthig  point  of  ice, — The  experi-  - 
ment  of  Bottomley,  which  apparently  illustrates  the  fact  that  in — 
creased  pressure  lowers  the  freezing  point  of  water,  is  well-known^—, 
A  wire  weighted  at  both  ends  is  thrown  over  a  cake  of  ice  an 
cuts  through  it.  The  ice  melts  beneath  the  wire  and  freezes  abov 
it.  Professor  Guthrie,  at  a  meeting  of  the  Physical  Society  hel 
in  London,  April  28th,  1883,  gives  his  reasons  for  believing  thiu. 
the  wire  conducts  heat  to  the  ice  from  the  atmosphere  and  thaa 
the  experiment  does  not  illustrate  the  well-known  fact  that  ir=z 
creased  pressure  lowers  the  freezing  point.  A  silk  wii"e,  weighte 
to  the  same  amount  as  a  metallic  wire,  will  not  cut  through 
block  of  ice.  j.  x. 

9.  Elect rO'technische  Pibliot/iek;  Vienna,  1883  (A.  Hartleben  ^ 
Verlag) :  II,  Die  elektrische  KraftUbeitragung  und  ihre  Anwen*^ 
ung  in  (ler  Praxis,  mit  besonderer  Ktlcksicht  auf  die  Fortleitui^i^ 
und  Vertheilung  des  elektrischcn  Stromes,  dargestellt  von  Ednas.  " 
Japing.     230  pp.  12rao. 

III,  Das  elektrische  Licht  und  die  hierzu  angewendeten  Lampe-  i 
Kohlen  und  Beleuchtungskori)er,  dargestellt  von  Dr.  Alfred  vc  ~3 
IJrbanitzky.     223  pp.  12mo. 

IV,  Die  galvanischen    Batterien  Accumulatoren  und   Ther 
silulen,   eine    Bosch reibuiig   dor   hydro-  und    thermo-elektrisch 
Stromquellen  mit  besonderer  Hiicksicht  auf  die  Beddrfnisse  M.  ^ 
Praxis  von  W.  Ph.  Ilauck.     320  pp.  12mo. 

XI,  Die  elektrischen  Beleuchtun<js-Anlagen  mit  besondeX"^ 
Bei^tlcksichtigung  ihrer  practisoheii  AusfUhrung,  dargestellt  v  <^ 
Dr.  A.  von  Lrbanitzky.  24o  pp.  l2mo. — The  first  volume  of  tl^' 
valuable  series  of  works  on  the  j)ractical  applications  of  Electric i.^: 
was  noticed  in  the  February  number,  and  the  special  desigim  ^ 
^  the  series  was  there  allude<l  to.     The  four  volumes  recentlv     "■" 

eeived  cover  some  of  the  most  important  of  the  topics,  and  thi 
scope  will  be  gathered  from  the  titles  which  are  given  above  in  t* 
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The  individual  volumes  are  small,  and  yet  they  contain  a  large 
anioant  of  information  compressed  into  a  small  space.  For  exam- 
ple the  volume  on  the  Electrical  Light,  after  the  discussion  of  the 
theory  of  the  incandescent  and  arc  lieht  and  the  division  of  the 
electrical  current,  the  different  kinds  of  lamps  are  described  under 
five  heads:  first,  the  incandescence  lights  based  upon  imperfect 
conductive  power ;  second,  those  with  imperfect  contact ;  third, 
the  arc  lights  which  are  regulated  by  an  electro-magnet;  fourth, 
the  electrical  candles;  fifth,  the  lamps  with  inclined  carbons. 
Untler  these  five  heads,  some  80  forms  of  lamps  are  described; 
most  of  them  with  the  assistance  of  excellent  hgures.  Volume 
XI  of  the  series,  by  the  same  author,  discusses  the  remainder  of 
the  subject,  that  is  the  production  and  distribution  of  the  electrical 
current  used  to  produce  the  light,  and  the  various  other  related 
topics.  Volume  II  on  the  distribution  of  energy  of  the  electrical 
canrent,  and  volume  IV,  on  galvanic  batteries,  contain  a  clear, 
and  in  so  far  as  the  space  allows,  satisfactory  discussion  of  these 
suhjects. 

II.  Geology  and  Mineralogy.    •     . 

1.  QeologiccU  unification, — The  Swiss  ^^Comiti  cP  unification 
Gklogiqtie^  of  which  Prof.  Renevier  is  President,  held  its  third 
meeting  at  Berne,  on  the  9th  of  April  last,  and  was  occupied  with 
a  discussion  of  questions  submitted  to  it  in  a  circular  from  Pro- 
fessor Capellini  of  Bologna,  President  of  the  last  Congress.  These 
qnestioDS  are  to  be  acte(l  upon  at  the  meeting  at  Zurich  in  August 
next.    The  points  of  widest  interest  are  the  following : 

(1)  In  the  scheme  for  the  chart  of  Europe,  which  has  27  strati- 
graphical  subdivisions,  the  committee  proposes  to  have  the  number 
of  divisions  of  the  Cretaceous  made  three  instead  of  two,  and  the 
Permian  to  have  but  otie  in  place  of  two.  The  Gault  and  Ceno- 
monian  make  the  middle  Cretaceous. 

(2)  The  uniting  of  the  Rhetian  to  the  Lias  is  recommended,  to 
which  in  its  rocks  and  fossils  it  is  allied.  In  Switzerland  the  Rhe- 
tian is  the  first  marine  fossiliferous  group  after  the  Triassic  which 
is  ordinarily  without  fossils. 

(4)  The  separation  of  the  Flysch  from  the  Eocene  and  its  union 
with  the  Oligocene  would  be  impossible  in  the  larger  part  of  the 
Swiss  Alps.  The  Nummulitic  beds  are  often  interstratified  with 
the  Flysch. 

(5)  The  Silurian  group  with  its  three  divisions,  of  which  the 
lower  corresponds  to  the  Cambrian,  should  be  represented  on  the 
map  by  a  single  color,  of  three  different  shades,  as  recommended 
recently  by  Professor  Hebert  before  the  Geological  Society  of 
France,  in  a  paper  aiming  to  prove  that  tlie  Cambrian  should  be 
attached  to  the  Silurian  as  its  lowest  subdivision.  The  view  cor- 
responds to  Barrande's  three  Silurian  faunas,  the  firsts  second 
and  third,  [This  recommendation  with  reference  to  the  Silurian 
accords  with  the  facts  in  North  America.  A  separation  of  the 
Cambrian  from  the  Silurian,  beyond  what  is  above  [)ropo8ed,  is 
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not  sustained  by  any  sufficient  paleontological  or  stratigraphi 
evidence.] 

The  Carboniferous  also  should  have  its  three  subdivisions,  ' 
Culm  (Subcarboniferous),  the  Carboniferous  and  Permian ;  and 
also  the  Devonian. 

A  gray  color  is  recommended  for  the  Carboniferous ;  an  ol 
green  for  the  Devonian,  and  brott^n  for  the  Silurian. 
•     (7)  The  term  Series  should  be  used  for  the  highest  subdivisi 
and  Group  for  the  third  in  grade.     Group  was  suggested  for  1 
■higher  at  Bologna  (see  this  Journal,  xxiii,  151,  18b2). 

The  committee  considered  also  other  points.  It  regards  f 
shades  of  yellow  for  the  Tertiary  as  more  than  can  be  made  f 
tinct,  and  recommends  four.  A  bright  yellow  is  recommended  : 
the  Drift,  or  Diluvian  deposits,  and  the  same  dotted  for  the  Plioc< 
which  *'  ne  sont  la  plupart  du  temps  que  les  formations  marii 
contemporaines  des  depots  erratiques  anciens,  dits  quateniai 
ou  diluviens." 

The  grouping  with  reference  to  eruptive  rocks   proposed 
Hoiogna  is  objected  to. 

'I'he  division  "  poijphyritic  rocks"  is  based,  it  states,  only 
mode  of  texture,  while,  in  other  cases,  the  reference  is  to  chemi 
or  mineralogical  characters.  Some  porphyries  graduate  into  grj 
iti*  and  t)tiiers  are  pt.*trograj)hicallv  melaphyre  or  basalt,  a  porpl 
rilic  Hlructure  being  of  secondary  importance.  The  division  vol 
iu'r  rorka  is  objected  to,  it  including  trachytic  as  w-ell  as  basal 
kinds.  The  Swiss  committee  proposes  the  two  primary  divisic 
of  trcnit  and  (iNcitnt  eruptive  rocks;  and,  under  these,  the  t' 
groups  of  itcidiv  and  basic.  For  modern  volcanic  areas,  where  t 
lavas  are  often  of  ditferent  kinds,  variously  mingled,  a  sepan 
color  is  recommended. 

Thr  live  colors  for  the  eruptive  areas  should  be  some  tint 
red  ;  anil  those  projwsed  are  carmine  red  for  ancient  acidic  en 
tivf;  purplish  ral  for  ancient  basic;  scarlet  red  for  recent  acidi 
and  brtnr/tis/t  rtd  for  rece!it  bsisic;  minium  red  for  modern  en 

lioMN. 

l''or  lilt'  Arcluean  the  committee  proposes  three  sliades  of  roi 
for  tin*  Trias,  three  of  violet;  the  Rhetian  to  oolite,  inclusive,  bin 
rrctiicfous,  grren;  in  each  case,  the  older  of  the  subdivisions  t 
ih*t«p(>Nt  in  Hliiido  of  color,  and  if  there  are  four  subdivisions  in  ai 
oiwi',  HKing  dots  for  the  lowest,  in  addition  to  the  color.    J.  D.  d. 

«.  iiitihtin  iVr>.  \\  of  Priuaton  College  Museum, — This  nu 
lii<r  iif  th««  rrinrrton  liuUetin  contains  the  following  papers:  ( 
nil  llii^  Skull  of  the  Kocene  Rhinoceros,  Orthocynodoti^  and  t 
nOalioitN  ol'  (his  genus  to  other  members  of  the  group,  by  Prof« 
NiirN  \V.  li.  Sr<»rr  and  11.  F.  Oskorx  ;  (2)  on  Achtenodon, 
Kiieehe  MuniMJonty  l>y  H.  F.  Omjokn  ;  (3)  Observations  on  t 
llniin  <'aNlN  of  Terliary  Mammals,  by  Adam  T.  Bruce;  on  D< 
iiiiiliidieriuni  an<l  I )il<»phodon,  two  new  Eocene  Lophiodonts,  1 
W.  11.  Sj'oti'.  The  last  paper  is  tinely  illustrated  by  plates  V, 'V 
VII,  VIII  (three  of  ihem  folded),  in  lithography. 
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Mr.  Bruce's  paper  on  Braiu  casts  of  Tertiary  Mammals  closes 
witb  the  following  conclusions : 

Id  conclusion  it  seems  proper  to  point  out  some  phases  of  en- 
cephalic growth  which  the  casts  described  suggest.  When  com- 
parison was  possible,  the  casts,  after  making  due  allowances  for 
the  minor  features  of  the  brain  whicli  cannot  be  well  represented 
by  a  cast,  were  found  to  be  smaller  and  less  highly  convoluted 
than  the  brains  of  existing  mammals  of  the  same  size  and  order. 
The  casts  of  Oreodon  were  much  smaller  than  tlie  pig's  brain : 
making  deductions  for  the  smaller  size  of  Oreodon,  which  the 
numerous  remains  of  its  skeleton  ami)ly  prove,  it  appears  that  the 
brain  of  the  pig  is  relatively  larger.  The  brain  cast  of  Poebro- 
therium  does  not  admit  of  any  exact  comparison  with  the  brains 
of  existing  Camelidic. 

The  brain  cast  of  Megencephalon,  though  smaller  than  the  sea- 
otter's  brain,  does  not  admit  of  any  exact  comparison  with  the 
brain  of  the  otter,  in  the  absence  of  the  cranial  bones.  The  brain 
cast  of  Hoplophoneus  indicates  a  relatively  small-sized  brain. 
Thoagh  prooably  as  large  as  a  panther,  this  animal  had  a  brain 
DOt  much  larger  than  that  of  a  cat. 

As  before  intimated,  the  braiu  of  Leptictis  must  liave  been 
small  considering  the  size  of  the  animal.  In  all  the  casts  where 
it  is  distinct,  the  cerebellum  is  nearly  or  entirely  uncovered  by 
the  hemispheres.  Moreover  the  cerebellum  is,  in  most  instances, 
of  a  relatively  large  size.  Consequently,  the  evidence  presented 
by  the  specimens  described  confirms  the  statement  of  Professor 
Marsh,  that  most  Tertiary  Mammals  had  small  brains,  and  that 
encephalic  growth  has  been  mainly  confined  to  cerebral  growth. 

It  seems  probable  that  the  primitive  gyri  on  the  dorsal  surface 
of  the  hemispheres  were  ill-defiued,  and  of  tiie  longitudinal  type, 
running  parallel  to  the  dorsimeson  with  little  flexure.  The  fact 
that  the  brains  of  Rodent ia,  Edentata  and  Insectivora  generally 
present  tiiis  type  of  gyri,  is  evidence  that  the  least  diflerentiated 
gyri  were  ari*anged  as  stated.  The  brain  casts  of  the  Carnivora 
described,  with  the  exception  of  Megencephalon  primaevuSy  ex- 
hibit nearly  straight  longitudinal  gyri,  not  diverging  from  the 
meson  anteriorly  or  posteriorly,  as  do  the  corresponding  gyri  on 
the  cerebra  of  modern  Carnivora.  Moreover,  the  transverse  crucial 
fissure  prominent  in  existing  Carnivora,  if  present  at  all,  must 
have  been  quite  rudimentary.         *         * 

The  large  size  of  the  cerebellum  in  fossil  mammals  has  been 
pointed  out.  However,  it  does  not  necessarily  follow  from  this 
that  there  has  not  been  an  increase  of  cerebellar  cortex  effected, 
as  in  the  cerebrum,  by  the  folding  of  the  surface.  The  most  no- 
ticeable feature  of  the  cerebellum  of  the  casts  examined  is  the 
prominent  middle  lobe.  Existing  mammals  of  the  lower  orders 
possess  a  similarly  configured  cerebellum.  In  man  the  middle 
lobe  is  reduced  to  a  minimum,  the  lateral  lobes  comprising  the 
ereater  part  of  the  cerebellum.  It  seems  probable  that  there 
has  been  a  decrease  in  the  size  of  the  middle  lobe  and  a  concomit- 
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ant  increase  of  the  lateral  cerebellar  lobes  with  progressive  evoi 
tion. 

3Ioreover.  the  supposition  that  the  middle  cerebellar  lobe  < 
the  Maroniaiia  was  primarily  the  largest  cerebellar  lobe  is  suj 
ported  by  embryologieal  evidence,  that  lobe  being  prominent  i 
the  embryonic  phases  of  the  higher  Mammalia,  where  it  sabs 
quentlv  becomes  smaller  than  the  lateral  lobes. 

3.  bit  Yerglttscherun^  der  deut^jhen  Afpeti,  ihre  Uraachef 
jyeriodUche  JSitdtrkthr^  und  i/tr  £hijfuss  auf  die  Bodenge^a 
tung,  [Tike  Glaciation  oftht  German  Alps:  Us  causes^ period' 
cai  recurrence^  und  if^  ii»ifiicnce  on  s^trrytf^-configuration.^  G* 
krOnte  Friisschrijt  :  von  Dr.  Albrecht  Penck!  pp.  viii  +  48^ 
with  16  wood-cuts,  "2  maps  and  '2  tables.  Leipzig,  Barth,  1882.- 
This  important  treatise  is  divided  into  three  sections,  viz:  L  Th 
last  glaciation  of  Upper  Bavaria  and  North  Tyrol ;  II.  Olde 
glaciation  of  Uj^per  Bavaria  an«l  Xorth  Tyrol ;  and  IIL  Th 
formation  of  the  Upper  Bavarian  lakes.  In  addition  it  include 
introductory  and  concluding  chapters,  consisting  respectively  c 
an  admirable  resume  of  the  history  of  glacial  geology,  and 
thorough  critical  discussion  of  current  theories  of  glacial  climaU 

In  the  second  section,  which  is  of  greatest  general  interest,  i 
is  shown  that  the  phenomena  of  the  Bavarian  and  Tvrolese  Alp 
afford  decisive  evidence,  coming  from  diverse  indepenclent  sourcei 
of  two  widely  separated  epochs  of  extensive  glaciation,  with  mor 
equivocal  evidence  of  an  intennodiate  ei>och  of  less  energetic  ici 
work.  Thus,  tlie  Hritiingen  breccia  (hitnerto  regarded  as  Miocen 
from  the  character  of  its  plant  remains)  is  a  type  of  certain  ol 
scure  formations  of  the  northern  Alps,  which  nave  long  bee 
known  to  be  uiiconformably  overlain  bv  glacial  deposits.  Noi 
Penck  finds  that  this  breccia  at  II«'ttingen  (near  Innsbruck)  i 
simply  an  ancient  alluvial  deposit,  and  moreover  that  it  repose 
unconformably  upon  older  glacial  deposits.  It  accordingly  ind 
cates  the  following  vicissitudes  during  the  o-glacial  period  whic 
it  rei>r<»sents:  (<i)  The  formation  of  an  extensive  alluAnal  deposit 
{ft)  the  cementation  of  its  materials  into  a  compact  breccia;  (c 
erosion  of  the  breccia  and  concurrent  accumulation  of  stream  allt 
vium  in  places;  (</)  considerable  changes  in  the  configuration  ( 
the  valley,  and  excavation  «»f  the  stream-i*hannel  below  the  lev< 
of  the  breccia,  and  (e)  accumulatii>Ti  of  the  basal  stratified  bed 
(unterglacialschotter)  of  the  second  ice-epoch  to  a  depth  of  200  n 
(p.  23S).  Like  relations  among  analogous  formations  occur  elsi 
where.  From  the  assemblage  of  j»heiiouiena  the  historical  » 
quence  is  thus  interpreted  : 

1.  First  glaciation  and  retreat  of  the  ice. 
feU^L  Formation  of  a  i^reat  alluvial  deposit :  clothing  of  the  vicinii 
H^H^L -of  the  Inn  valley  by  vegetati'^n :  cementation  of  the  depoF 
^^^^^t  into  the  Huttingen  breccia  of  to-«]ay  ;  erosion  of  the  brecc^ 
J  and  considerable  deepening  of  the  Inn  valley. 
^^robable  re-distril>ution  of  the  rocks  of  the  central  Alps,  o^ 
^^    their  northern  flanks,  i»erhaps  by  a  second  glaciation. 
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4.  Accumulation  of  stream  detritus  nearly  to  the  base  of  the 
H5ttingen  breccia ;  re^xcavation  of  the  Inn  valley  to  its 
previous  depth. 

^.  Advent  of  the  kut  glaciation  ;  deposition  of  the  laminated 
clays  of  Arzl,  and  of  the  coal  of  Mtlhlau ;  accumulation  of 
the  basal  glacial  deposits  overlying  the  HOttingen  breccia ; 
development  of  moraines  on  the  heights,  and  of  terraces  on 
the  valley  sides,  with  retreat  of  the  glaciers. 
6.  Erosion  of  the  Inn  valley ;  excavation  of  ravines  within  and 
deposition  of  alluvial  beds  upon  the  terraces  (p.  243). 

Thus,  again,  a  typical  section  of  the  "  inter-glacial"  coal  of  the 
Dler  vallev,  near  Imberg,  exposes  a  ground  moraine  40-60  m. 
thick  resting  upon  a  cemented  conglomerate  of  local  materials, 
which,  with  the  included  members,  reaches  a  thickness  of  fully 
25  m.     Within  this  conglomerate  occur  two  coal-seams  respec- 
tively i  m.  and  2  m.  thick,  and  beneath  the  coal,  a  bed  of  lamin- 
ated clay  some  8  m.  thick,  containing  flattened  sticks  and  twigs. 
Below  all,  lies  a  gK)und  moraine,  filled  with  scratched  bowlders 
and  pebbles,  10  m.  thick.    This  sequence  and  the  coincident  pheno- 
nieiia  in  various  parts  of  the  Iller  valley  indicate  the  following 
course  of  events : 

1.  The  valley  became  filled  with  glaciers  which,  in  the  vicinity  of 

Sonthofen,  descended  to  within  900  m.    above   sea   level. 
Temperature  low. 

2.  The  glaciers  withdrew ;  gravel-beds  attaining  a  thickness  of 

60  m.  were  deposited.     Elevation  of  temperature. 
^-    Vegetation  extended  over  the  newly-formed  gravel  surfaces. 

Its  remains  accumulated  in  two  coal-seams  whose  maximum 

thickness   exceeds   3   m. ;   which  accumulation  of   vegetal 

matter  could  only  have  taken  place  during  a  long  period. 

The  coal-seams  became  covered  with  gravel-beds. 
*•    The  Dler  valley  was  excavated  to  a  depth  of  2 10  to  220  m.    Tem- 

peratui*e  remained  high. 
*•   The  glacier  expanded  a  second  time.     The  temperature  again 

fell  (p.  261). 

.     Similarly,  the  protean  deposit  long  known  as  "  Alpine  diluvium" 
^'  essentially  bipartite  in  structure.     The  upper  and  newer  divi- 
®^on^  which  is  of  unconsolidated  water-washed  materials,  appears 
^o  have  been  the  precursor  of  the  last  glaciation  and  is  intimately 
Connected  with  its  moraines   (the  term  imterglacialschotter^  by 
^bich  it  is  conveniently  designated,  has  no  English  equivalent). 
2^he  lower  and  older  division — the  "diluviale  S^agelfluh" — is  of 
^Ood-borne  materials  which  were  cemented  into  a  firm  conglomer- 
ate and  superficially  weathered  into  a  red-brown  clay  before  the 
^«t  glaciation  ;  and  its  surface  is  locally  striated  and  overspread 
^y  moraines.     Extensive  valley-excavation  and  mountain-carving 
everywhere  intervened    between  the  eras  of  deposition  of   the 
two  divisions ;  and  in  some  localities  these  processes  were  inter- 
^pted  by  a  short  period  of  dispersion  ancl  deposition  of  high- 
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Alpiue  materials.  Finally,  of  the  two  distinot  zones  of  moraines 
which  flank  the  Bavarian  Alpa,  the  outermost  is  unconformahly 
overlain  by  stratified  loams  and  clavs,  loss,  and  other  peripheral 
representatives  of  the  newer  "  diluvinm,"  which  must  have  been 
deposited  contemporaneously  with  the  moraines  of  the  inner  zone ; 
which  moraines  are  without  such  covering.  Alike  from  the 
breccias,  from  the  "  inter-glacial"  coal,  from  the  flood  deposits, 
and  from  the  moraines  of  the  Alps,  then,  the  recurrence  of  eras  of 
glacial  climate  is  determined ;  and  in  each  case  the  intervals 
separating  the  successive  ice-periods  are  shown  to  have  been  far 
too  great  tobeex]»lained  as  results  of  temporary  oscillation  of  the 
ice-sheet,  or  even  of  Crollian  inter-glacial  periods. 

In  the  third  section  it  is  shown  that  the  glacial  deposits  of  the 
Bavarian  plateau  are  equivalent  to  a  layer  3G  m.  in  average  thick- 
ness over  the  whole  area  whence  the  materials  were  derived;  yet, 
since  even  this  enormous  volume  is  far  less  than  the  total  content  of 
the  excavated  dejiressions  of  the  area,  it  appears  that  the  config- 
uration of  this  portion  of  the  Alps  must  be  due  to  pre-glacial 
stream-work,  and  that  <jlacial  erosion  must  have  onlv  served  to 
modify   the  ]>rei3xistent   topography.      It   is   further   shown    bjr 
detailed  consideration  <»f  the  phenomena  of  individual  cases  that, 
most  of  the  larger  lakes  of  upper  Bavaria  occupy  basins  scooped 
out  bv  glacier's,  antl  the  multifarious  objections  to  the   general 
hypothesis  of  glacial  excavation  of  lake-basins  are  discussed  at 
length,  and  as.  applied  to  the  region  in   question,  proven  to  be 
mainly  invalid ;  yet  so  catholic  are  the  author's  opinions  that  he 
questions  whether  ice  is  a  more  eflective  engine  of  erosion  than 
water,  and  limits  glacial   action  to  the  widening  of  stream-cut 
valleys    and     the   deepeniiig   of    preexistent    concavities.       The 
smaller  Bavarian  lakes  are  shown  to  generally  lie  in  local  depres- 
sions in  the  irregular  drift-surface. 

After  thorough  consideration  of  current  glacial  theories  in  the 
light  of  the  })honomena  of  the  area  specially  described,  of  ditierent 
regions  previously  visitetl  by  the  author,  and  of  other  lands,  the 
theory  of  glacial  climate  enunciated  by  Wallace  in  *'  Island  Life"* 
is  unreserve<lly  adopted. 

Appendices  contain  details  as  to  altitudes  at  which  erratic 
material  occur,  an<l  directions  of  glacial  strue.  Table  I  is  a  con- 
spectus of  the  classifications  of  Alpine  glacial  deposits  hitherto 
proposed,  and  table  II  is  a  systematic  stratigraphical  and  histori- 
cal conspectus  of  the  (Quaternary  phenomena  of  the  Alps.  Map 
I  represents  the  area  descril^ed,  and  map  II  the  j)resent  and  for- 
mer extent  of  the  glaciers  of  the  eartii. 

The  work  has  already  been  fully  reviewed  by  Richthofen,f  and 
has  been  noticed  at  length  in  the  Geological  Magazine.J  In  view 
of  the  thorough,  liberal  and  comprehensive  treatment  of  the  dif- 
ferent phases  of  the  subject  taken   uj),  the  present  writer  is  ini- 

*  Seo  Mr.  W.  J.  MoGeo's  pai>er  in  the  following  numVier  of  this  Journal, 
f  Verb.  Erclk.,  Berlin,  1882.  r>65-577. 
ill,  X,  1883,  177-183. 
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pelled  to  endorse  the  opinion  expressed  in  the  last-mentioned 
icriew,  that  ^'  to  all  who  are  interested  in  the  study  of  glacial 
geol(^7  we  can  recommend  this  treatise  as  the  most  important 
contnDution  on  the  subject  which  has  appeared  of  late  years." 

W.    J.    MCG. 

4.  Dinosaurian  of  the  Larajnie  or  Lignitic  group. — In  the 
American  Naturalist  for  July,  1883  (p.  7V4),  Professor  Cope  has 
%  paper  on  "  the  Structure  and  Appearance  of  a  Laramie  Dino- 
saurian,"  from  a  nearly  perfect  skeleton,  found  by  Messrs.  Wort- 
man  and  Hill,  in  Dakota,  of  the  Dicloniua  niirabUis  of  Leidy, 
a  species  closely  related  to  the  Iladroaaurus  J^oulkei.  He 
states  that  the  total  length  of  the  skeleton  is  38  feet ;  that  of  the 
skull  I'lS  meters.  The  skull  is  much  "  like  that  of  a  goose."  The 
deDtition  is  remarkable  for  its  complexity  and  for  the  difference 
between  the  superior  and  inferior  series ;  it  includes  more  teeth 
than  the  Hadrosamnis,  there  being  630  in  each  maxillary  bone, 
and  406  in  each  splenial  bone,  making  in  all  2,072.  Dermal  or 
corneous  structures  have  left  distinct  traces  in  the  soft  sandstone 
about  the  end  of  the  beak-like  muzzle.  The  affinity  of  the  Dino- 
saurs to  birds  is  confirmed  by  the  skeleton,  but  rrofessor  Cope 
remarks  that  it  is  empirical  rather  than  essential  and  is  confined 
to  a  few  points,  as  the  form  and  position  of  the  vomer,  the  large 
development  of  the  premaxillary  bone  and  the  toothless  character 
of  this  bone  and  the  dentary.  Frofessor  Cope  says  that  so  far  as 
he  is  aware,  ^^  the  extension  of  the  premaxillary  above  the  max- 
illary, 80  far  as  to  overlap  the  lacrynial,  is  unique  among  Verte- 
brata." 

5.  Wyoming  Historical  and  Geological  Society. — This  society 
has  recently  published  a  list  of  Paleozoic  fossil  Insects  of  the  United 
States  and  Canada,  with  full  references  and  synonymy,  by  R.  D. 
LicoE.    20  pp.  8vo. 

6.  Sapphire  from  Mexico;  by  George  F.  Kunz.  (Read  be- 
fore the  New  York  Acad,  of  Sciences,  April  30,  1883.) — While 
examining  a  lot  of  rolled  pebbles  of  jasper,  agate  and  chalcedony, 
that  were  found  near  San  Geronimo,  Estada  de  Oaxaca,  Mexico, 
near  the  Isthmus  of  Tehuantepec,  and  brought  to  m%  for  examin- 
ation as  to  their  gem  value,  by  Mr.  Knight  Neftel,  I  was  sur- 
prised to  find  a  rolled  pebble  of  sapphire  (corundum).  It  had 
a  mottled  blue  and  yellowish-white  color;  it  was  slightly  fissured, 
and  translucent,  and  did  not  show  any  crystalline  form,  although 
the  rolling  seemed  to  have  brought  out  the  cleavage  more  dis- 
tinctly, this  reflecting  a  pearly  luster.  The  specimen  weighed 
19-223  grams.  The  specific  gravity,  3*9002,  is  exceptionally  low, 
but  this  may  be  due  to  the  impurities  in  the  veining.  From  this 
single  pebble  it  would  be  impossible  to  decide  whether  gems 
occnr  at  this  locality,  for  similar  pebbles  occur  in  the  gem  regions 
of  Ceylon,  although  elsewhere  no  gems  are  found  ;  further  inves- 
tigation will  determine  this.  It  is  not  impossible  that  corundum 
may  exist  there  in  large  quantities  and  thus  prove  of  commercial 
valae. 
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7.  Expkmatory  Note  concerning  **  triclinic  pyroxene^*;  1 
WiiiTMAX  Cross. — In  the  Bulletin  Wo.  I  of  the  U.  S.  Geoloejc 
Survey,  entitled :  "  On  Hvpersthene-Aodesite  and  on  Triclir 
Pyroxene  in  Augitic  rocks,"  which  has  recently  been  pnbllshe 
and  of  which  an  abstract  appeared  in  this  Journal  for  Febma 
last  (p.  139),  I  took  the  ground  that  a  part  of  the  pyroxene  ns 
ally  considered  as  augite  in  many  rocks,  must,  from  its  optic 
properties,  be  referred  to  the  triclinic  system.  Since  the  public 
tiou  of  the  Bulletin  Mr.  Jos.  P.  Iddings  of  the  U.  S.  Geologic 
Survey  has  verv  kindly  called  my  attention  to  the  exhaustive  i 
vestigations  of  l^'ouque  and  Levy  (^'  Mineralogie  Micrograpbiqu€ 
p.  349;  upon  the  optical  properties  of  monoclinic  pyroxene, 
which  they  show  that  the  ellipsoid  of  elasticity  is  so  situated  ; 
to  produce  very  ^reat  variations  in  optical  behavior  in  sectio 
which  are  but  little  inclined  to  each  other.  This  is  especially  tl 
case  for  those  sections  which  vary  but  a  few  degrees  in  positi< 
from  the  one  normal  to  the  vertical  crvstallographic  axis, 
careful  consideration  of  the  matter  in  the  light  of  the  calculatioi 
of  Fouqu6  and  Levy,  has  convinced  me  that  a  great  majority 
the  instances  cited  in  the  Bulletin  as  indicating  a  triclinic  pyfo 
ene,  are  explainable  as  augite,  and  that  the  few  cases  which  st 
seem  anomalous  are  not  in  themselves  sufficient  to  justify  a  ref € 
ence  to  the  triclinic  system. 

In  explanation  of  this  error  it  may  be  said  that  the  work  1 
Fouqu^  and  Levy  was  not  accessible  to  me  at  the  time  the  artic 
on  **  triclinic  pyroxene  "  was  written,  for,  although  only  recent 
published  the  manuscript  was  completed  and  had  been  sent  in  f( 
publication  long  before. 

In  regard  to  hypersthene-audesite  I  may  add  that  it  has  be< 
recently  found  in  abundance  among  the  volcanic  rocks  of  Southei 
Colorado.  Also,  that  the  hypcrsthene  has  been  isolated  fro 
three  typical  "augite"-ande8ites  of  Hungarj'.viz:  from  Baeony 
Bath,  and  from  the  Tokajer  Berg.  The  analyses  of  these  nypc 
stlienes,  although  not  yet  ready  for  publication,  show  them  to  1 
fully  normal  and  preclude  the  possibility  of  an  admixture 
augite  in  the  substance  analyzed. 

8.  The  Minerals  of  Neto  So7ith  Wales;  by  Archibald  Li 
ERSiDGK.  137  pp.  Sydney,  1882. — This  valuable  monograph  < 
the  mineralogy  of  New  South  Wales  forms  a  part  of  a  volun 
published  by  the  Department  of  Mines.  This  volume  contai; 
also  a  report  by  Harrie  Wood  on  the  Mineral  Products  of  Ne 
South  W  ales,  and  Notes  on  the  Geology  of  New  South  Wales  \ 
C.  S.  Wilkinson ;  also  a  catalogue  of  works,  papers,  etc.,  on  tl 
Geology,  Paleontology  and  Mineralogy  of  Australia  and  Tasni 
nia  by  K.  Etheridge,  Jr.  and  Robert  Logan  Jack.  The  paper  I 
Professor  Liversidge  contains  a  description  of  the  minerals  of  tl 
country,  arranged  in  order,  with  numerous  analyses ;  a  list  of  tl 
"^ineral  localities  is  also  given.     The  occurrence  of  gold  in  Ne 

;th  Wales  is  described  with  especial  fullness ;  some  interesti"! 
are  given  in  regard  to  the  finding  of  large  nuggets,  in  whk 
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mpect,  however,  Victoria  is  far  beyond  New  South  Wales ;  the 
average  fineness  of  the  gold  is  stated  to  be  03^  per  cent  gold  and 
6  per  cent  silver ;  in  victona,  on  the  other  hand,  it  is  96  gold 
and  3^  silver,  while  to  the  north,  in  Queensland,  it  is  only  about 
%'\  gold  and  1 2  silver.  The  analyses  of  a  large  number  of  differ- 
ent unds  of  coal  are  also  given. 

III.   Botany  and  Zoology. 

1.  Monographia  Festiicarum  Europmamm,  auctore  E.  Hackbl. 
c'assel  and  Berlin.     Th.  Fischer,  1882,  pp.  216,  tab.  4.     8vo.— A 
noieworthy  monograph,  by  an  Austrian  professor  (in  the  Gym- 
aasinm  at  St.  Poeften,  Austria)  who  has  already  made  his  mark 
ts  an  Agrostologist.     The  first  part  of  the  work,  in  German,  is 
morphological  and  histological ;  and  to  this  belong  the  excellent 
plates,  illustrating  the  innovation,  the   structure   of  stem   and 
leaves  in  magnified  sections,  etc.     To  which  is  added  an  instruc- 
tive article  on  the  grade  of  "  species-building,"  cultural  investiga- 
tion, hybridity,  plan  of  taxonomical  aiTangement,  etc. ;  another 
on  geographical  distribution,  and  a  glance  at  the  probable  genetic 
origination  of  the  European  Featucce,     The  second  part,  of  nearly 
150  pages,  is  the  "  Descriptio   Specierum."      Hackel   excludes 

Vulpia  from   his  eenus,   and   distinguishes   Fhstuca  from   Poa 
e««pecially  by  the  hilar  macula  being  linear  or  linear-lanceolate 
and  of  nearly  half  the  length  of  the  caryopsis,  instead  of  puncti- 
form.    Some  idea  of  the  thoroughness  of  the  author's  treatment, 
of  bis  views  of  species,  and  of  his   particularity   in    regard   to 
varieties,  may  be  gathered  from  his  work  upon  the  first  species 
of  his  monograph,  namely  F.  ovina,  L.,  *'  sensu  amplissimo,''  as 
be  receives  it.     It  is  the  type  of  his  section  Ovince,  and  the  sub- 
section IntravagincUes,  where  it  is  associated  with  eight  other 
species,  all  of  the  old  world.     It  includes  nine  subspecies,  the 
first  being  eu-ovinay  the  last  brevlfolia^  which  is  peculiar  to  Green- 
land and  arctic-alpine  North  America.    Eu-ovina  comprises  eight 
varieties,  with  names  (among  which  are  duriuscula  and  glauca) ; 
its  var.  vulgaris  has  five  named  subvarieties,  the  var.  duriuscula 
has  seven,  etc.     Festnca  rubra,  L.,  the  type  of  the  extravaginales, 
rejoices  in  six  subspecies,  some  of  which  run  to  seven  varieties, 
and  some  of  the  varieties  run  to  as  many  subvarieties.     Very 
thorough  work,  certainly;    and  much  better  for  the  student,  as 
fell  as  truer  to  nature,  no  doubt,  than  the  raising  of  all  or  most 
^f  these  forms  to  the  rank  of  species.  a.  g. 

2.  Atkts  de   la  Flora   des   Encirons  de   Paris,   par  MM.  E. 
CossoN  et  Germain  de  Saint  Pierre. — This  second  edition  (pub- 
lished by  Masson,  1882,  in  Hvo),  comiirises  050  figures  on  47  cop- 
per-plates ;  the  older  j)lates,  as  is  well-known,  were  by  one  of  the 
aulbors  and  by  Riocreux;  the  five  new  ones  are  by  Cusin.     All 
are  admirable ;    and  to  this  edition  two  pages  of  letter-press  are 
given  to  each  plate.  a.  g. 

3.  Cotnpenaium  Floret  Atlanticfff,  par  E.  Cosson. — This  Flora 
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of  the  Barbary  States  (of  Tunisia  and  Morocco  as  well  as  Algeria), 
to  which  Dr.  Cosson  has  devoted  so  many  years  of  labor,  is  now 
getting  forward.  The  first  half  of  the  first  volume,  issaed  in 
1881,  with  elaborate  maps,  is  devoted  to  History  and  Geography. 
Under  the  first  head  is  a  full  account  of  all  the  botanists  who 
have  collected  in  the  Barbary  States,  or  have  written  upon  their 
botany, — beginning  with  Tradescant,  in  1620,  and,  among  the 
rest,  giving  a  very  interesting  account  of  the  Berber  Ibrahim, 
and  of  the  Kabbi  Mardochee,  who  have  essentially  helped  in  the 
knowledge  of  the  botany  of  Morocco,  collecting  where  no  Euro- 
pean could  venture.  Under  the  head  of  Geography  is  a  full 
fazetteer  of  the  names  of  places  and  stations,  a  geographical 
ibliography,  ah  original  sketch  of  the  regions,  the  cartography, 
etc. 

4.  Ulustrationea  Floras  Atla7iticcB^  by  the  same  author,  Fasc. 
I,  with  25  plates,  in  imp.  4to,  appeared  last  autumn.  The  plates 
are  capital  lithographs,  from  drawings  by  C-usin.  They  illustrate 
new  RanunculacecBy  Papaveracecs  and  CrucifercB,  and  are  accom- 
panied by  32  pages  of  letter-press  of  the  same  size.  With  all  this 
m  progress,  the  indefatigable  author  is  again  in  the  field  of  explo- 
ration in  Algeria.  a.  o. 

6.  Systematic  Census  of  Australian  Plants,  with  Chronologic^ 
Literary,  and  Geographic  Amiotations  ;  by  Baron  Febdinand 
VON  MuLLKR.  .  .  .  Government  Botanist  for  the  Colony  of  Vic- 
toria. Part  I.  Vasculares.  Melbourne,  1882.  pp.  162,  4to. — 
Another  token  of  F.  von  M tiller's  wonderful  industry  and  persever- 
ance. By  the  use  of  small  type,  which  allows  nearly  eignty  lines 
to  the  page,  and  by  abbreviated  references,  we  are  here  supplied 
with  a  systematic  list  of  all  the  Phajnogamous  and  Vascular  Cryp- 
togamous  plants  of  Australia,  with  full  reference  to  authority  and 
place  of  publication,  geographical  distribution  in  Australia ;  and 
with  much  fuller  references  to  the  authority  for  the  genera  than 
the  Flora  Australiensis  afibrds.  The  name  of  the  author  is  gen- 
erally printed  without  abbreviation,  his  work  cited  down  to  vol- 
ume, page,  and  figure.  Great  pains  are  also  taken  to  trace  generic 
names  to  their  original.  When  such  names  have  come  down 
from  the  herbalists  or  from  the  ancients,  they  are  cited  thus : 
"  Clematis,  Linne,  gen.  pi.  163  (1737)  from  TEcluse  (1576)." 
Anemone,  Tournefort,  inat.  sci.  herb.  275,  t.  147  (1700),  "from 
Hippocrates,  Theophrastos  and  Dioscorides."  Useful  learning, 
certainly,  but  some  would  say  in  a  good  degree  wasted  upon  a 
catalogue  of  this  kind.  And  why  "  Linn6,"  after  a  fashion  of  the 
French  zoologists  ?     Linn,  or  Linnceus  is  surely  to  be  preferred. 

It  seems  to  us  that  more  is  lost  than  is  gained  by  the  intercala- 
tion of  the  monochlamydeous  orders  among  the  Polypetalie ;  but 
whatever  our  theoretical  opinion,  coiiBidering  that  the  Flora  Aus- 
traliensis and  the  new  Genera  Plantarum  are  just  completed  upon 
the  ordinary  model,  we  should  have  spared  the  Australian  stu- 
dent the  trouble  which  the  present  work  is  likely  to  give  him  in 
this  regard.     On  the  same  grounds  we  would  have  held  Chari- 
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peiakB  and  Synpetakey  and  still  more  Calycece  and  Acalycece^  in 
abeyance.  All  this  is,  in  a  good  degree,  a  matter  of  taste  and 
propriety,  in  respect  to  which  a  botanist  who  has  done  and  is  do- 
ing so  mach,  so  single-handed,  and  so  disinterestedly  for  the  flora 
on  the  Aastralian  continent,  may  be  allowed  to  have  very  much 
his  own  way,  subject,  of  course,  to  differences  of  opinion,     a.  g. 

6.  Dredgings  of  the  SUamer  "  j«/aA-e."  —  The  Bulletin  of  the 
Maseum  of  Comparative  Zoology,  Vol.  X,  No.  6,  is  occupied  with 
a  Report  on  the  Fishes,  by  G.  Brown  Goode  and  Tarletou  H.  Bean. 
April,  1883. 

IV.  Miscellaneous  Scientific  Intelligence. 

L  American  Journal  of  Science  and  Ai'ts. — In  a  notice  of  the 
decease  of  Professor  Kirtland  in  volume  xv  of  this  Journal  (1 878), 
the  remark  was  made  that  he  was  the  last  of  its  original  sub- 
scribers. Dr.  Isaac  Lea,  of  Philadelphia,  has  recentlv  sent  us 
copies  of  his  early  correspondence  with  Professor  Siiliman,  in 
1818,  with  regard  to  the  establishment  of  the  Journal,  together 
i^ith  a  list  of  subscribers — all  members  of  the  Academy  of  Nat- 
ural Sciences — which  he  obtained  for  him  before  the  first  number 
vasissaed.  As  the  facts  have  more  than  a  private  interest,  we 
here  publish  the  list  of  names  obtained  by  Dr.  Lea,  in  response 
to  Professor  Silliman's  letter  to  him,  dated  New  Haven,  April  3, 
1816— which  reads  as  follows : 

"Sir:  Will  you  pardon  the  liberty  I  take  in  requesting  your 
kind  countenance  and  favor  for  the  Journal  and  your  contribu- 
tions to  its  pages,  provided  the  plan  meets  your  approbation." 
('Signed)      Very  respectfully,  your  much  obliged        B.  Silliman. 
An  account  of  the  plan  accompanied  the  letter — in  nearly  the 

form  in  which  it  was  afterward  published  in  the  first  number  of 

the  Journal. 
The  list  of  subscribers  is  as  follows  : 

Isaac  Lea,  B.  £.  Griffith, 

Sdward  Glabk,  6.  Ord, 

C.  D.  Meios,  Wm.  McClure, 

Jacob  Peibce,  Wm.  Mason*  Walmslet, 

Samuel  Hazard,  T.  G.  Lea, 

Rbubek  Haines,  John  P.  Wetherill, 

Isaiah  Lukins,  R.  M.  Pattekson. 

Dr.  Lea  is  now  in  his  92d  year  (having  been  born  in  March  of 

1  *J  92)  and  is  still  young  in  his  zeal  for  science  and  scientific  work. 

He  remarks  in  his  recent  letter,  that  he  was  informed  by  Professor 

SWliman  that  the  reception  of  the  list  of  names  was  the  turning 

point  with  him ;  he  thought  that  if  a  person  whom  he  did  not 

know  personally  took  so  much  interest  in  ftie  proposed  publication 

hv  would  have  enough  subscribers  to  insure  success." — Eds. 

2.  Note  on  the  Earthquake  of  Septeatber  7,  at  Caraccas;  by 
A.  Ernst,  Professor  of  Natural  History,  University  of  Caraccas, 
(communicated  in  a  letter  dated  Caraccas,  May  '22d,   1883.) — 
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lu  Mr.  C.  6.  Rockwood's  notes  on  American  earthquakes,  pub- 
lished in  this  Journal,  vol.  xxv  (May),  pages  353  to  360,  toere 
is  under  September  7  of  1882,  a  reference  to  the  earthquake  which 
visited  that  day  the  Isthmus  of  Panama.  It  is  added  that,  '*  at 
Caraccas  where  the  most  violent  shock  occurred  at  2.20  a.  m.,  the 
loss  amounted  to  8  persons  killed,  26  wounded,  62  buildings 
totally  destroyed,  and  67  others  badly  cracked."  Now  the  truth 
is  that  7iot  even  the  slightest  tremor  was  felt  at  Caraccas,  and  all 
the  reported  loss,  notwithstanding  the  apparent  statistical  exacti- 
tude of  the  report,  is  fortunately  a  mere  story.  It  was  only  on 
the  morning  of  the  18th  of  September,  that  we  knew  anything 
about  the  earthquake  at  Panama,  by  the  arrival  of  the  German 
steamer  Allemannia  at  La  Guaira.  There  were  several  minor 
shocks  in  August,  but  the  "  two  severe  earthquakes"  mentioned 
by  Mr.  Rock  wood,  are  no  facts. 

3.  Royal  Society  of  New  South  Wales. — The  annual  meeting 
of  the  Roval  Society  of  New  South  Wales  was  held  May  2.  The 
number  of  new  members  elected  during  the  year  was  41,  making 
the  total  number  of  ordinary  members  upon  the  roll  to  date,  486. 
At  the  Council  meeting  held  on  13th  December,  it  was  unani- 
mously resolved  to  award  the  Clarke  Memorial  Medal  for  the 
year  1883  to  Baron  Ferdinand  von  Mueller,  K.C.M.G.,  F.R.S., 
Government  Botanist,  Melbourne.  At  the  same  meeting  the 
Council  awarded  the  prize  of  £25  which  had  been  offered  for  the 
best  communication  upon  the  *^  influence  of  Australian  climates 
and  pastures  upon  the  growth  of  wool"  to  Dr.  Ross,  M.L.A., 
Molong^nd  the  prize  for  the  one  upon  "  The  Aborigines  of  New 
South  \Vales"  to  Mr.  John  Eraser,  B.A.,  West  Maitland.  Dur- 
ing the  year  the  Society  held  ten  meetings  at  which  twelve  papers 
were  read,  and  the  medical  and  microscopical  sections  held  regu- 
lar monthly  meetings.  The  sum  expended  upon  the  library  dur- 
ing the  year  was  £422.  12.  10. 

At  the  annual  meeting  Mons.  Louis  Pasteur  was  unanimously 
elected  an  Honorary  member  of  the  Society  to  fill  the  vacancy 
caused  by  the  death  of  the  late  Dr.  Charles  Darwin. 

4.  Explorat'i07is  in  the  region  of  the  Gulf  Stream  off  the  east- 
ern coast  of  the  United  States. — An  important  paper  on  this  subject, 
illustrated  by  maps  and  sections,  by  Professor  A.  E.  Verrill,  is  in 
progress  in  "Science."  It  commenced  in  number  16  and  is  con- 
tinued in  number  1 9, 

Ch'ma.  Ergebnisse  eigencr  Reiseu  und  darauf  gegriindcter  Studien,  von  Fer- 
TUNAND  t'REiHERRN  VON  RiCHTOFEN.  Vol.  IV.  Paleontf)logical  Part.  pp.  288, 
with  54  plates  and  15  wood-cuts.     Berlin,  1883  (Dietricli  Reimer). 

Handbuch  dor  Klimatologie,  von  Dr.  Julius  Ilann.  764  pp.  8vo.  Stuttgart, 
]  883  (J.  Engelhorn). 

Electricity  and  Magnetism,  J)y  K.  Mascart,  l*rof.  College  de  France,  and  Di- 
rector of  the  Central  Metrolog.  Bureau,  and  J.  Joubert,  Prof.  Coll.  RoUin ;  trans- 
lated  by  E.  Atkinson,  Prof.  Exper.  iSci.  in  the  Staff  College.  Vol.  I,  General. 
Phenomena  and  Theory.  654  pp.  8vo.  London,  1 883  (Thos.  De  La  Rue  &  Co.). 
Manual  of  Taxidermy.  A  Complete  Guide  in  Collecting  and  Preserving  Birds- 
*  Mammals,  by  C.  J.  Maynard.  112  pp.  Svo,  illustrated.  Boston,  1883.  (S.  E— 
Ino  A  Co.). 

Visit  to  Ceylon,  by  Ernst  Haeckel ;  translated  by  Clara  BelL     338  pp.  %vo  ^ 
o,  1883  (S.  E.  Cassino  &  Co.). 
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Ai^T.  IX. — Principal  Characters  of  American  Jurassic  Dinosaurs. 
I^art  VI :  Restoration  of  Brontosaurus,  (with  plate  I) ;  by 
I^rofessor  O.  C.  Marsh. 

Tw  the  previous  articles  of  this  series,  the  writer  has  given 
the  more  important  characters  of  the  order  Sauropoda.*  A 
volume  on  this  group  is  now  in  preparation,  and  the  illustra- 
tions (90  plates)  are  nearly  completen.  One  of  these  is  a  resto- 
ration of  BrontosauruSy  which  has  so  many  points  of  interest 
that  a  reduced  figure  is  here  presented.  Several  new  charac- 
ters of  this  group  are  added,  some  of  which  will  be  of  interest 
to  comparative  anatomists. 

Restoration  of  Brontosaurus,  (Plate  I.) 

ITearly  all  the  bones  here  represented  belonged  to  a  single 

individual,  which  when  alive  was  nearly  or  quite  fifty  feet  in 

length.     The  position  here  given  was  mainly  determined  by  a 

careful  adjustment  of  these  remains.     That  the  animal  at  times 

assumed  a  more  erect  position  than  here  represented  is  probable, 

but  locomotion  on  the  posterior  limbs  alone  was  hardly  possible. 

The  head  was  remarkably  small.     The  neck  was  long,  and, 

considering  its  proportions,  flexible,  and  was  the  lightest  portion 

of  the  vertebral  column.     The  body  was  quite  short,  and  the 

abdominal  cavity  of  moderate  size.      The  legs  and  feet  were 

massive,  and  the  bones  all  solid.     The  feet  were  plantigrade, 

•This  Jonrnal,  xvi,  411,  Nov.  1878 ;  xvii,  86,  Jan.  1879 ;  xii,  417,  May,  1881 ; 
•nd  niii,  81,  Jan.  1882. 
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and  each  foot-print  must  have  been  about  a  square  yard  ir 
extent     The  tail  was  large,  and  nearly  all  the  bones  solid. 

The  diminutive  head  will  first  attract  attention,  as  it  ii 
smaller  in  proportion  to  the  body  than  in  any  vertebrate  hitherU 
known.  The  entire  skull  is  less  in  diameter  or  actual  weigh 
than  the  fourth  or  fifth  cervical  vertebra. 

A  careful  estimate  of  the  size  of  Brontosauriu,  as  here  re 
stored,  shows  that  when  living  the  animal  must  have  weighec 
more  than  twenty  tons.  The  very  small  head  and  brain,  anc 
slender  neural  cord,  indicate  a  stupid,  slow  moving  reptile 
The  beast  was  wholly  without  oflFensive  or  defensive  weapons 
or  dermal  armature. 

In  habits,  Brontosuurus  was  more  or  less  amphibious,  ant 
its  food  was  probably  aquatic  plants  or  other  succulent  veg 
etation.  The  remains  are  usually  found  in  localities  where  th( 
animals  had  evidently  become  mired. 

Among  the  new  points  in  the  skull  of  the  Sauropoda  recently 
determined  are  the  following : 

PrmiTARY  Fossa. 

In  MorosauruSj  the  pituitary  fossa  is  comparatively  shallow, 
much  like  that  in  the  crocodile,  and  many  birds,  being  con- 
nected with  the  under  surface  of  the  skull  by  the  two  usual 
divergent  foramina  for  the  passage  of  the  internal  carotid  arte- 
ries. In  ApatosaurtiSj  however,  it  is  remarkably  different 
Here  the  fossa  becomes  enlarged  into  a  vertical  canal,  which, 
expanding  below,  communicates  by  a  wide  transverse  orifice 
with  the  pharyngeal  cavity.  The  arterial  foramina  are  here 
canals  thinly  covered  over  with  bone,  and  open  just  within  the 
rim  of  the  lower  orifice.  The  pituitary  cavity  itself  has  a  firm 
smooth  wall  throughout  The  openings  are  both  transverse, 
and  oval  in  shape.  The  upper  one  is  eighteen  by  six  milli- 
meters in  its  diameters  ;  the  lower  opening  thirty  by  twelve. 
'  This  remarkable  connection  of  the  cerebral  cavity  with  the 
alimentary  canal  is  an  embryonic  character,  and  corresponds 
to  the  condition  observed  in  the  chick  at  the  fifth  day  of  incu- 
bation. This  peculiar  feature  appears  to  be  a  family  character 
of  the  Ailantosauridde. 

POST-OCCIPITAL   BoN£S. 

In  two  genera  of  the  Sauropoda^  {Morosaurus  and  Bronto- 
saurus),  and  probably  in  all  members  of  this  order,  there  is  a 
pair  of  small  bones  connected  with  the  skull  which  have  not 
nitherto  been  observed  in  any  vertebrates.  These  bones,  whi(;h 
may  be  called  the  postoccipUal  bones,  were  found  in  position  in 
one  specimen,  and  with  the  skull  in  several  others.     When  in 
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place,  they  are  attached  to  the  occiput  just  above  the  foramen 
magnum,  and  extend  backward  and  outward,  overlapping  the 
lateral  pieces  of  the  atlas,  thus  protecting  the  spinal  cord  at 
this  point,  which  would  otherwise  be  much  exposed. 

These  bones  are  short,  flattened,  and  slightly  curved,  resem- 
bling somewhat  a  riblet  The  anterior  end  is  thickened  and 
rugose  for  attachment  to  a  roughened  surface  on  the  exoccipital, 
jQSi  above  and  outside  the  foramen  mngnum.  The  shaft  is 
flattened  from  above  downward,  and  gradually  converges  to  a 
thin  posterior  end.  In  Morosaurus  grandia^  these  bones  are  about 
65  mm.  in  length,  and  30  along  the  surface  which  joins  the  occi- 
put. They  correspond  in  position  to  the  muscle  in  mammals 
known  as  the  rectus  capitis  posticus  minor. 

In  the  existing  Cormorants  {Oraculus)  a  single  slender  bone 
is  articulated  to  the  occiput  on  the  median  line.  This, 
however,  does  not  correspond  to  the  bones  here  described. 
To  distinguish  it  from  the  post-occipitals,  it  may  be  called 
the  nuchal  bone. 

Stafbs  wanting. 

In  the  skull  of  Morosaurus  in  which  the  post-occipital  bones 
were  found  in  position  and  the  other  bones  at  the  base  of  the 
skull  were  undisturbed,  a  careful  search  was  made  for  the 
stapes,  but  no  indication  of  it  was  found.  Its  absence  in  this 
specimen,  so  well  preserved,  would  indicate  that  it  was  wanting 
in  this  genus,  if  not  in  the  other  Sauropoda. 

Columella  pbessnt. 

In  a  skull  of  Brontosaurus  in  which  the  bones,  although  dis- 
placed, were  in  very  perfect  preservation,  a  pair  of  bones  were 
found  which  apparently  are  the  columelte.  They  are  elonga- 
ted, flattened  (K>nes,  with  the  shaft  somewhat  constricted  in 
the  middle,  and  twisted.  Their  length  corresponds  to  the 
elevated  posterior  part  of  the  skull  in  this  genus. 

Hyoid  bonbs. 

There  are  two  pairs  of  hyoid  bones  in  the  Sauropoda.  They 
are  elongated,  rodlike,  and  somewhat  curved.  In  Brontosaurus 
excdsus^  they  are  210  and  130  mm.  in  length  respectively. 

Among  the  other  points  of  interest  in  the  skull  of  the 
Sauropoda  are  the  following  : 

The  parietal  bones  are  very  short,  and  form  but  a  small  por* 
tion  of  the  brain  case.  They  are  composed  chiefly  of  the  flat- 
tened arched  processes,  which  meet  with  the  squamosals 
at  their  outer  ends.  There  is  no  parietal  foramen.  The 
sqaamosals  lie  upon  the  par-occipital  processes.     They  have  a 
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short  deep  groove  for  the  reception  of  the  post-frontal.  On 
their  lower  part,  which  descenas  in  front  of  the  par-occipital 
process,  they  expand  into  a  thin  spoon-shaped  form,  wnich 
fits  over  the  head  of  the  quadrate.  The  quadrate  has  an  oval 
rounded  head,  and  slender  shaft  Below,  it  is  firmly  united  to 
the  pterygoids.  On  the  outer  side,  the  quadrato-jugals  are 
attached.  These  bones  are  elongate,  and  slightly  sigmoid 
in,  shape.  The  lower  end  is  rodlike,  and  curvea  forward, 
descenaing  below  the  articular  surface  of  the  quadrate.  The 
pterygoids  are  tri-radiate  bones,  with  the  posterior  ends  cup- 
shaped,  resembling  the  partially  closed  human  hand.  This 
cavity,  somewhat  restricted  by  a  thumb-like  process,  receives 
the  basi-pterygoid  process. 

The  Vebtebr^. 

There  are  twenty-seven  precaudal  vertebrae  in  Broniosaurus, 
of  which  the  first  twelve  bear  pleurapophyses,  or  hatchet  bones, 
united  to  the  centra,  and  may  hence  be  called  true  cervicala 
Of  the  remaining  twelve  which  bear  free  ribs,  the  thirteenths^ 
fourteenth,  and  fifteenth  have  the  surface  for  the  articulation— 
of  the  head  of  the  rib  on  the  centrum,  below  the  neural  suture— 

All  the  precaudal  vertebrae  have  large  cavities  in  the  centrumi^ 
communicating  exteriorly  with  the  surface  by  means  of  larger 
lateral  foramina.  This  cavernous  structure  of  the  vertebra^= 
gradually  decreases  posteriorly,  until  in  the  anterior  caudal^ 
vertebrae  it  is  confined  to  a  small  pocket  above  the  transvers^3 
process.  The  neural  arches  of  the  presacral  vertebrae  contair^^ 
numerous  deep  cavities.  The  pleurapophyses  of  the  cervien  * 
vertebrae  are  also  reticulate  in  their  structure,  and  some  of  th-i^ 
anterior  ribs  have  small  but  deep  fossae  below  the  tubercle. 

POST-METAPOPHYSBS. 

On  the  last  two  or  three  cervical  vertebrae  of  Broniosauru  — 
there  is  a  convoluted  ridge  of  bone  over  the  posterior  zy 
pophyses.  In  the  anterior  dorsals,  this  ridge  becomes  strong 
and  more  elongated,  forming  a  distinct  protuberance.  Theg= 
processes  have  not  hitherto  been  described.  As  they  a 
analogous  to  the  processes  in  mammals  known  {is  me 
pophyses,  they  may  bear  the  same  general  name,  being  disti 
guished  as  the  post-metapophyses.  The  term  pre-metapoph.  "^ 
ses  should  then  be  applied  to  the  processes  in  mammals. 

The  post-metapophyses  probably  serve  for  the  attachment 
ligaments  in  the  place  of  the  neural  spine,  which  is  here  who 
wanting.     These  processes,  which  are  at  first  oblique  in   pc 
tion,  gradually  become  more  vertical  and  stouter,  and,  coalesci 
at  their  bases,  finally  become  united  throughout,  and  are  tbm. 
converted  into  the  neural  spine. 
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FcBTAL  Dinosaurs. 

Reniaias  of  a  very  small  dinosaur  >vere  found  in  immediate 
relation  with  the  tjpe  specimen  of  Morosaurus  yrandis.  These 
remains,  which  consist  of  a  complete  femur,  the  larger  portion 
of  both  humeri,  and  several  vertebrae,  show  no  essential  differ- 
ences from  the  large  specimens  except  in  size,  and  indicate  an 
animal  of  perha])S  seven  feet  in  length,  and  little  more  than  two 
feet  in  height  The  imperfect  ossification  of  these  bones  indi- 
cates that  the  animal  was  very  voun^,  and  it  seems  probable 
that  it  was  foetal.  The  only  other  similar  case  known  in  the 
Dinosauria  is  the  apparent  embryo  observed  by  the  writer  in 
CompBognoUhusJ^ 

Classification. 

The  various  genera  of  the  Sauropoda,  and   in  fact  of  the 

Dinosauria  in  general,  cannot  at  present  be  distinguished  by  the 

detached   teeth.      In  one  form,  however,  the  teeth  are  quite 

peculiar,  and  the  dentition  appears  to  offer  generic  characters. 

The  maxillarv  teeth  of  this  form  have  been  referred  to  J^ego- 

saurus  (this  Journal,  vol.  xix,  p.  266  ;  pi.  vi,  figs  4  and  6),  as 

they  were  first  found  in  connection  with  the  remains  of  that 

genus.     Later  investigations  indicate  that  they  belong  to  the 

Sauropoda,  and  there  is  some  evidence  that  they  are  the  teeth 

of  Diphdocus. 

The  main  characters  of  the  order  Sauropoda^  and  of  the  two 
&milies  now  known  to  belong  to  it,  are  as  follows : 

Order  Saubopoda.     Herbivorous. 

Feet  plantigrade,  ungulate;  five  digits  in  manus  and  pes; 
second  row  of  carpal  and  tarsal  bones  unossified.  Pubes  pro- 
jecting in  front,  and  united  distally  by  cartilage ;  no  postpubia 
Fore  and  hind  limbs  nearly  equal ;  limb  bones  solid.  Sternal 
bones  parial.  Premaxillary  bones  with  teeth.  Precaudal  ver- 
tebrae hollow.  Each  sacral  vertebra  supports  its  own  trans- 
verse processes. 

Family  Ailantosauridce.  Anterior  vertebrae  opisthoccelian. 
Ischia  directed  downward,  with  extremities  meeting  on  median 
line.  Anterior  caudals  with  lateral  cavities.    A  pituitary  canal. 

Family  Atorosauridce.  Anterior  vertebras  opisthoccelian. 
Ischia  directed  backward,  with  sides  meeting  on  median  line. 
Anterior  caudals  solid.     Pituitary  fossa  only. 

yaJ9  College,  New  Haven,  July  12th,  1883. 

♦  This  Journal,  xiii,  340,  Npvember,  1881. 
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Art.  X. — The  Evolution  of  the  American  Trotting- Horse;    by 

Francis  E.  Niphkr. 

Singe  my  paper  in  the  July  number  of  this  Journal  wag 
written,  I  have  calculated  the  constants  in  the  differential  equa 
tion  by  mathematical  methods,  and  have  obtained  a  resull 
diffenng  slightly  from  that  given  in  the  July  number.  The 
most  probable  value  for  the  minimum  time  of  trotting  a  mile 
turns  out  to  be  91  seconds,  instead  of  98  seconds  as  was  obtained 
by  graphical  methoda 

Tne  final  equation  is 

log  («— 91)  =  1-703— 0-0046  T, 

where  e  is  the  time  (in  seconds)  of  trotting  a  mile,  and  T  is  esti- 
mated in  years  from  1860. 

This  equation  does  not  give  essentially  different  results  from 
the  former  one,  the  only  point  of  interest  being  in  the  new 
value  for  the  limiting  time.  The  probable  error  of  this  value 
is  not  over  four  seconds,  and  it  is  not  likely  that  the  running 
horse  will  beat  his  present  record  by  five  seconds,  so  that  it  is 
very  probable  that  the  trotter  will  finally  surpass  the  running 
horsa 

This  conclusion  does  not  rest  solely  on  mathematical  evi- 
dence. The  trotter  carries  his  body  more  steadily — with  less  of 
rise  and  fall — than  the  runner,  and  it  seems  very  reasonable  that 
this  should  result  to  the  advantage  of  the  trotter,  when  the  pro- 
cess of  developing  and  adjusting  his  muscles  and  chest  shall 
have  been  sufficiently  carried  on,  so  that  the  contest  between 
the  two  animals  shall  have  been  reduced  to  a  matter  of  muscular 
capacity. 

It  is  well  known  that  some  herds  of  wild  horses  on  the  Texas 
plains  were  natural  pacers,  and  even  when  pushed  to  the  utmost 
and  for  days  together  by  the  best  running  horses,  they  nearly 
all  held  their  gait  One  l«Crge  white  pacer  became  widely 
known  and  many  attempts  were  made  to  capture  him,  but  he 
proved  more  than  a  match  for  the  best  horses  that  could  be 
Drought  against  him. 

The  record  of  the  trotting-horse  during  the  next  ten  years 
will  enable  us  to  determine  the  limiting  speed  with  sufficient 
precision  to  settle  the  matter  beyond  question.  It  is  even  now 
evident  that  our  good  ancestors,  who  thought  it  wicked  to  run 
horses,  builded  more  wisely  than  they  knew  when  they  began 
the  evolution  of  the  American  trotting-horse. 
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Art.  XI. —  On  Concave  Oratings  for  Optical  Purposes;*  by 
Henry  A.  Rowland,  Professor  of  Physics,  Johns  Hopkins 
University,  Baltimore. 

General  Theory. 

Having  recently  completed  a  very  successful  machine  for 
ruling  gratings,  my  attention  was  naturally  called  to  the  effect 
of  irregularity  in  the  form  and  position  of  the  lines  and  the 
form  of  the  surface  on  the  definition  of  the  grating.  Mr.  C.  S. 
Peirce  has  recently  shown,  in  the  American  Journal  of  Mathe- 
matics, that  a  periodic  error  in  the  ruling  produces  what  have 
been  called  ghosts  in  the  spectrum.  At  first  I  attempted  to 
calculate  the  eflfect  of  other  irregularities  by  the  ordinary 
method  of  integration,  but  the  results  obtained  were  not  com- 
mensurate with  the  labor.  I  then  sought  for  a  simpler  method. 
Guided  by  the  fact  that  inverse  methods  in  electrical  distribu- 
tion are  simpler  than  direct  methods,  I  soon  found  an  inverse 
method  for  use  in  this  problem. 

In  the  use  of  the  grating  in  most  ordinary  spectroscopes,  the 
telescopes  are  fixed  together  as  nearly  parallel  as  possible,  and 
the  grating  turned  around  a  vertical  axis  to  bring  the  different 
spectra  into  the  field  of  view.  The  rays  striking  on  the  grating 
are  nearly  parallel,  but  for  the  sake  of  generality  I  shall  assume 
that  they  radiate  from  a  point  in  space  and  shall  investigate 
the  proper  ruling  of  the  grating  to  bring  the  rays  back  to  the 
point  from  which  they  started.  The  wave  fronts  will  be  a 
series  of  spherical  shells  at  equal  distances  apart  If  these 
waves  strike  on  a  reflecting  surface,  they  will  be  reflected  back 
provided  they  can  do  so  all  in  the  same  phase.  A  sphere 
around  the  radiant  point  satisfies  the  condition  for  waves  of  all 
lengths  and  thus  gives  the  case  of  ordinary  reflection.  Let  any 
surface  cut  the  wave  surfaces  in  any  manner  and  let  us  remove 
those  portions  of  the  surface  which  are  cut  by  the  wave  sur- 
faces; the  light  of  that  particular  wave-length  can  then  be 
reflected  back  along  the  same  path  in  the  same  phase  and  thus, 
by  the  above   principle,  a  portion   will   be   sent  back.     But 

*  An  abstract  of  this  paper  with  some  other  matter  was  given  at  the  Physical 
Society  of  London  in  November  last,  the  paper  being  in  my  hand  in  its  present 
shape  at  that  time.  As  I  wished  to  make  some  additions,  for  which  I  have  not 
yet  had  time,  I  did  not  then  publish  it  I  was  much  surprised  soon  after  to 
see  an  article  on  this  subject,  which  had  been  presented  to  the  Physical  Society 
and  was  published  in  the  Philosophical  Magazine.  The  article  coutai us  nothing 
more  than  an  extension  of  my  remarks  at  the  Physical  Society  and  formula)  simi- 
lar to  those  in  this  paper.  As  I  have  not  before  this  published  anything  except 
a  preliminary  notice  of  the  concave  gratings,  I  expected  a  little  time  to  work  up 
the  subject,  seeing  that  the  practical  work  of  photographing  the  spectrum  has 
recently  absorbed  all  my  time.    But  probably  I  have  waited  too  long. 
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the  solution  holds  for  only  one  wave-length  and  so  white  licht 
will  be  drawn  out  into  a  spectrum.  Hence  we  have  the  im- 
portant conclusion  that  ^  theoretically  perfect  grating  for  one 
position  of  the  slit  and  eyepiece  can  be  ruled  on  any  surface, 
flat  or  otherwise.  This  is  an  extremely  important  practical 
conclusion  and  explains  many  facts  which  have  been  observed 
in  the  use  of  gratmgs.  For  we  see  that  errors  of  the  dividing 
engine  can  be  counterbalanced  by  errors  in  the  flatness  of  the 
plate,  so  that  a  bad  dividing  engine  may  now  and  then  make  a 
grating  which  is  good  in  one  spectrum  but  not  in  all.  And  so 
we  often  find  that  one  spectrum  is  better  than  another.  Fur- 
thermore Professor  Young  has  observed  that  he  could  often 
improve  the  definition  of  a  grating  by  slightly  bending  the 
plate  on  which  it  was  ruled. 

From  the  above  theorem  we  see  that  if  a  plate  is  ruled  in 
circles  whose  radius  is  rsinyti  and  whose  distance  apart  is 
Jrsm/ij  where  Jr  is  constant,  then  the  ruling  will  be  appro- 
priate to  bring  the  spectrum  to  a  focus  at  a  distance,  r,  and 
angle  of  incidence,  /x.  Thus  we  should  need  no  telescopes  to 
view  the  spectrum  in  that  particular  position  of  the  grating. 
Had  the  wave  surfaces  been  cylindrical  instead  of  spherical  the 
lines  would  have  been  straight  instead  of  circular,  but  at  the 
above  distances  apart  In  this  case  the  spectrum  would  have 
been  brought  to  a  focus,  but  would  have  been  diffused  in  the 
direction  of  the  lines.  In  the  same  way  we  can  conclude  that 
in  flat  gratings  any  departure  from  a  straight  line  has  the  effect 
of  causing  the  dust  in  the  slit  and  the  spectrum  to  have  difier- 
ent  foci,  a  fact  sometimes  observed. 

We  also  see  that,  i£  the  departure  from  equal  spaces  is  small, 
or,  in  other  words,  the  distance  r  is  great,  the  lines  must  be 
ruled  at  distances  apart  represented  by 


(cos  pi        „    \ 
r  sin  jA  / 


in  order  to  bring  the  light  to  a  focus  at  the  angle  /i  and  distance 
r,  c  being  a  constant  and  x  the  distance  from  some  point  on 
the  plate.  If  /i  changes  sign,  then  r  must  change  in  sign. 
Hence  we  see  that  the  effect  of  a  linear  error  in  the  spacing  is 
to  make  the  focus  on  one  side  shorter  and  the  other  side  longer 
than  the  normal  amount.  Professor  Peirce  has  measured  some 
of  Mr.  Eutherfurd's  gratings  and  found  that  the  spaces  increased 
in  passing  along  the  grating,  and  he  also  found  that  the  foci  of 
symmetrical  spectra  were  different  But  this  is  the  first  attempt 
to  connect  the  two.  The  definition  of  a  grating  may  thus  be 
very  good  even  when  the  cjror  of  run  of  the  screw  is  consider- 
able, provided  it  is  linear. 
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Concave  Gratings. 

Let  as  now  take  the  special  case  of  lines  ruled  on  a  spherical 
surface.  And  let  us  not  confine  ourselves  to  light  coming  back 
to  the  same  point,  but  let  the  light  return  to  another  point, 
let  the  coordinates  of  the  radiant  point  and  focal  point  bey=0, 
x=  —a  and  y=0,  x=  4-a,  and  let  the  center  of  the  sphere 
whose  radius  is  p  be  at  x\  y'.  Let  r  be  the  distance  from  the 
radiant  point  to  the  point  x,  y^  and  let  R  be  that  from  the  focal 
point  to  X,  y.     Let  us  then  write 

25=R  + re. 

Where  c  is  lequal  to  ifcl  according  as  the  reflected  or  transmit- 
ted ray  is  used.  Should  we  increase  h  by  equal  quantities  and 
draw  the  ellipsoids  or  hyperboloids  so  indicated,  we  could  use 
these  surfaces  in  tlie  same  way  as  the  wave  surfaces  above. 
The  intersections  of  these  surfaces  with  any  other  surface  form 
what  are  known  as  Huyghen*s  zones.  By  actually  drawing 
these  zones  on  the  surface,  we  form  a  grating  which  will  dif- 
fract the  light  of  a  certain  wave-length  to  the  given  focal  point. 
For  the  particular  problem  in  hand,  we  need  only  work  in  the 
plane  x,  y  for  the  present. 

Let  a  be  an  element  of  the  curve  of  intersection  of  the  given 
surface  with  the  plane  x,  y.  Then  our  present  problem  is  to 
find  the  width  of  Huyghen's  zones  on  the  surface,  that  is  cb  in 
terms  of  dh. 

The  equation  of  the  circle  is 

(x-x7  +  (y-yr=P' 
and  of  the  ellipse  or  hyperbola 

or  (ft'-«')  x*  +  ^»y =*'  (^'-«*) 

in  which  c  has  disappeared 


dy\  -(6«-a')xMi-h6V  [  =b{2b^-(x^-^y^^a*)\db 

^_     2^— (x'+y'-f-g') 

•  •  •  db^^^  (^'-a'r(^^x-6'(x-x')y 

This  equation  gives  us  the  proper  distance  of  the  rulings  on  the 
surface,  and  if  we  could  get  a  dividing  engine  to  rule  according 
to  this  formula  the  problem  of  bringing  the  spectrum  to  a 
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focus  without  telescopes  would  be  solved.     But  an  ordinary 
dividing  engine  rules  equal  spaces  and  so  we  shall  further  in- 
vestigate the  question  whether  there  is  any  part  of  the  circl 
where  the  spaces  are  equal.     We  can  then  write 

ds    ^ 

ao 

And  the  dififerential  of  this  with  regard  to  an  arc  of  the  circli 
must  be  zero.     Dififerentiating  and  reducing  by  the  equations 

dx_     y^y\    db'^  p 

dy~~      «j— a"    dy""     C(a5— as') 
we  have 

It  is  more  simple  to  express  this  result  in  terms  of  B,  r,  p  a^nnd 
the  angles  between  them. 

Let  fi  be  the  angle  between  p  and  r,  and  v  that  between       p 
and  R     Let  us  also  put 

a=ti:l    and     e=I^. 
2  2 

Let  ^,  X  ^^^  ^  ^Iso  represent  the  angles  made  by  r,  R  and^  p 
respectively  with  the  line  joining  the  source  of  light  and  focmjis, 
ana  let 

ft+y 

Then  we  have 

RcoBv+rcos/?  R  sin  y  +  r  sin  >S  rcos/^— Rco^  ^^ 

2  '     ^  2  '  2 

(^•-a»)  {y-yy^Vix-^xy^p^V^a'  sin'  6) 
6*--a'=Rr  cos'  a 

R  +  r   .  r-R 

sm  ?;= sm  a ;     cos  ;;= cos  a 

0  0 

,  cos  n  sin  y  sin  B       Rr  . 

x^b ;      y=a  -. — =  -^  sm  w  cos  a 

cos  a  sin  a  cos  a         b 

^V  (y— y')  +  35  (^'— «')  (cc— «')=  -— ^  (cos  /i  +  COS  v) 

26»-(«»+y'  +  a')==Rr 
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X  (y — a')  (y — y')  —h^y  («—«')  =  —^  (sin  /i  -f  sin  v) 

c=        ^  ^ 


Bin  )u  +  81D  V      COS  a  sm  6 

2a  COB  d=r  cos  /<— R  cos  ^^ 
2a  sin  d=r  sin  /<•— R  sin  v. 

On  substituting  these  values  and  reducing,  we  find 

^_   2Rr  cos  a  cos  f 
"rcos'y-fRcos'/i' 
Whence  the  focal  length  is 

pR  cos'  // 


r= 


2R  cos  a  cos  6— p  cos'  k' 

For  the  transmitted  beam,  change  the  sign  of  R     Supposing 
p,  R  and  v  to  remain  constant  and  r  and  fi  to  vary,  this  equa- 
tion will  then  give  the  line  on  which  all  the  spectra  and  the 
central  image  are  brought  to  a  focus. 
By  far  the  most  interesting  case  is  obtained  hy  making 

r-^fi  cos  /i    R=p  cos  K, 

sJDce  these  values  satisfy  the  equation.  The  line  of  foci  is 
then  a  circle  with  a  raaius  equal  to  one-half  p.     Hence  if  a 

*  A  more  simple  solution  is  the  followiug ;  --r  must  be  constant  in  the  direction 

in  which  the  dividing  engine  rules.  If  the  dividing  engine  rules  in  the  direction 
of  the  udSi  y,  the  differential  of  this  with  respect  to  y  must  be  zero.  But  we  can 
alio  tike  the  reciprocal  of  this  quantity  and  so  we  can  write  for  the  equation  of 
ooodition 

dy       ds 
Tddng  a  circle  as  our  curve  we  can  write 

V- =p  \  (y-^J  (-R-  +  -V-) +(^-^  (-R-  ^—r-)  \ 
^"rfr'=p<~R"-^'~7     (y-y^L       R'       "^        "r*       J 

Making  x=0,  y=0,  /=0,  x'rzrp 

x''     x'''       /x''*     x'"*\ 
webave  _  ^  __p(^_  ^  __j=0, 

cos  /£  +  cos  V  2Rr  cos  a  cos  c 

or  p=Rr 


r  cos'  V  +  R  cos*  /*         r  cos*  v  +  R  cos*  fi 
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source  of  light  exist  on  this  circle,  the  reflected  image  and  all 
the  spectra  will  be  brought  to  a  focus  on  the  same  circle. 
Thus  if  we  attach  the  slit,  the  eye-piece  and  the  grating  to  the 
three  radii  of  the  circle,  however  we  move  them,  we  shall 
always  have  some  spectrum  in  the  focus  of  the  eye-piece.  But 
in  some  positions  the  line  of  foci  is  so  oblique  to  the  direction 
of  the  light  that  only  one  line  of  the  spectrum  can  be  seen 
well  at  any  one  time.  The  best  position  of  the  eye-piece  as 
far  as  we  consider  this  fact  is  thus  the  one  opposite  to  tne  grat- 
ing and  at  its  center  of  curvature.  In  this  position  the  line  of 
foci  is  perpendicular  to  the  direction  of  the  light,  and  we  shall 
show  presently  that  the  spectrum  is  normal  at  this  point  what- 
ever the  position  of  the  slit,  provided  it  is  on  the  circle. 


Fig.  1  represents  this  case ;  A  is  the  slit,  C  is  the  eye-piecie, 
and  B  is  the  grating  with  its  center  of  curvature  at  C.  In  this 
case  all  the  conditions  are  satisfied  by  fixing  the  grating  and 
eye-piece  to  the  bar  BC  whose  ends  rest  on  carriages  moving 
on  the  rails  AB  and  AC  at  right  angles  to  each  other;  when 
desired,  the  radius  AD  may  be  put  in  to  hold  everything 
steady,  but  this  has  been  found  practically  unnecessary. 

The  proper  formulae  for  this  case  are  as  follows.  If  X  is  the 
wave-length  and  w  the  distance  apart  of  the  lines  of  the  grating 
from  center  to  center,  then  we  have 

1      AN 


sm  y 


C       2w 


where  N  is  the  order  of  the  spectrum. 


A= 


«^'sm  V 


N 


Now  in  the  given  case  p  is  constant  and  so  Nil  is  proportional 
to  the  line  AC.  Or,  for  any  given-  spectrum,  the  wave-lengtlj 
is  proportional  to  that  liner 


H.  A.  Howla/nd — Concame  Ora/tmgsfor  Optical  Pvaposea,  98 

If  a  micrometer  is  fixed  at  C  we  can  consider  the  case  as 
follows : 

1      AN      1 , .  .      . 

dX      w 

If  D  is  the  distance  the  cross-hairs  of  the  micrometer  move 
forward  for  one  division  of  the  head,  we  can  write  for  the 
point  C 

and  for  the  same  point  fit  is  zero.    Hence 

Np 

But  this  is  independent  of  v  and  we  thus  arrive  at  the  impor- 
tant fact  that  the  value  of  a  division  of  the  micrometer  is 
always  the  same  for  the  same  spectrum  and  can  always  be 
determined  with  sufficient  accuracy  from  the  dimensions  of  the 
apparatus  and  number  of  lines  on  the  grating,  as  well  as  by 
observation  of  the  spectrum. 
Furthermore,  this  proves  that  the  spectrum  is  normal  at  this 

Eoint  and  to  the  same  scale  in  the  same  spectrum.  Hence  we 
ave  only  to  photograph  the  spectrum  to  obtain  the  normal 
spectrum  and  a  centimeter  for  any  of  the  photographs  always 
represents  the  same  increase  of  wave-length. 

It  is  to  be  specially  noted  that  this  theorem  is  rigidly  true 
whether  the  adjustments  are  correct  or  not,  provided  only 
that  the  micrometer  is  on  the  line  drawn  perpendicularly  from 
the  center  of  the  grating,  even  if  it  is  not  at  the  center  of 
carvature. 

As  the  radius  of  curvature  of  concave  gratings  is  usually 
great,  the  distance  through  which  the  spectrum  remains  practi- 
cally normal  is  very  great.  In  the  instrument  which  I  princi- 
pally use,  the  radius  of  curvature  />,  is  about  21  feet  4  inches, 
the  width  of  the  ruling  being  about  5*5  inch.  In  such  an  in- 
strument the  spectrum  thrown  on  a  flat  plate  is  normal  within 
about  1  part  in  1,000,000,  for  6  inches  and  less  than  1  in 
35,000,  for  18  inches.  In  photographing  the  spectrum  on  a  flat 
plate,  the  deflnition  is  excellent  for  12  inches,  and  by  use  of  a 
plate  bent  to  11  feet  radius,  a  plate  of  20  inches  in  length  is  in 
perfect  focus  and  the  spectrum  still  so  nearly  normal  as  to  have 
its  error  neglected  for  most  purposes. 

Another  important  property  of  the  concave  grating  is  that 
,     all  the  superimposed  spectra  are  in  focus  at  the  same  point. 
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and  so  by  micrometric  measurements  the  relative  wave-lengths 
are  readily  determined.  Hence,  knowing  the  absolute  wave- 
length of  one  line,  the  whole  spectrum  can  be  measured.  Pro- 
fessor Peirce  has  determined  the  absolute  wave-length  of  one 
line  with  great  care  and  I  am  now  measuring  the  coincidences. 
This  method  is  greatly  more  accurate  than  any  hitherto  known, 
as  by  a  mere  eye  inspection,  the  relative  wave-length  can  often 
be  judged  to  1  part  in  20,000  and  with  a  micrometer  to  1  in 
1,000,000.  Again,  in  dealing  with  the  invisible  portion  of  the 
spectrum,  the  focus  can  be  obtained  by  examining  the  super- 
imposed spectrum.  Captain  Abney,  by  using  a  concave  mirror 
in  the  place  of  telescopes,  has  been  enabled  to  use  this  method 
for  obtaining  the  focus  in  photographing  the  ultra  red  rays  of 
the  spectrum.  It  is  also  to  be  noted  that  this  theorem  of  the 
normal  spectrum  applies  also  to  the  flat  grating  used  with 
telescopes  and  to  eitner  reflecting  or  transmitting  gratings ;  but 
in  these  cases  only  a  small  portion  of  the  spectrum  can  be  used 
as  no  lens  can  be  made  perfectly  achromatic.  And  so,  as  the 
distance  of  the  micrometer  has  constantly  to  be  changed  when 
one  passes  along  the  spectrum,  its  constant  does  not  remain 
constant  but  varies  in  an  irregular  manner.  But  it  would  be 
possible  to  fix  the  grating,  one  objective  and  the  camera  ri^dly 
on  a  bar,  and  then  focus  by  moving  the  slit  or  the  other  objec- 
tive. In  this  case  the  spectrum  would  be  rigidly  normal,  but 
would  probably  be  in  focus  for  only  a  small  length  and  the 
adjustment  of  the  focus  would  not  be  automatic. 

But  nothing  can  exceed  the  beauty  and  simplicity  of  the 
concave  grating  when  mounted  on  a  movable  bar  such  as  I 
have  described  and  illustrated  in  Fig.  1.  Having  selected  the 
grating  which  we  wish  to  use,  we  mount  it  in  its  plate-holder 
and  put  the  proper  collimating  eye-piece  in  place.  We  then 
carefully  adjust  the  focus  by  altering  the  length  of  D  until  the 
cross-hairs  are  at  the  exact  center  of  curvature  of  the  grating. 
On  moving  the  bar  the  whole  series  of  spectra  are  then  in  exact 
focus,  and  the  value  of  a  division  of  the  micrometer  is  a  known 
quantity  for  that  particular  grating.  The  wooden  way  AC,  on 
which  the  carriage  moves  is  graduated  to  equal  divisions  repre* 
senting  wave-lengths,  since  the  wave-length  is  proportional  to 
the  distance  AC.  We  can  thus  set  the  instrument  to  any  par- 
ticular wave-length  we  may  wish  to  study,  or  even  determine 
the  wave-length  to  at  least  one  part  in  five  thousand  by  a  sim- 
ple reading.  By  having  a  variety  of  scales,  one  for  each  spec- 
trum, we  can  immediately  see  what  lines  are  superimposed  on 
each  other  and  identify  them  accordingly  when  we  are  measur- 
ing their  relative  wave-length.  On  now  replacing  the  eye-piece 
by  a  camera,  we  are  in  a  position  to  photograph  the  spectrum 
with  the  greatest  ease.     We  put  in  the  sensitive  plate,  either 
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wet  or  dry,  and  move  to  the  part  we  Wish  to  photograph  ;  hav- 
ing exposed  for  that  part,  we  move  to  another  part,  raise  the 
plate  to  another  position  and  expose  once  more.     We  have  no 
thought  for  the  focus,  for  that  remains  perfect,  but  simply  refer 
to  the  table  giving  the  proper  exposure  for  that  portion  of  the 
spectrum  and  so  have  a  perfect  plate.     Thus  we  can  photograph 
the  whole  spectrum  on  one  plate  in  a  few  minutes,  from  the 
F  line  to  the  extreme  violet  in*  several  strips,  each  20  inches 
long.     Or  we  may  photograph  to  the  red  rays  by  prolonged 
exposure.     Thus  the  work  of  days  with  any  other  apparatus 
becomes  the  work  of  hours  with  this.     Furthermore  each  plate 
is  to  scale,  an  inch  on  any  one  of  the  strips  representing  exactly 
80  much  difference  of  wave-length.     The  scale  of  the  diflTerent 
orders  of  spectra  are  exactly  proportional   to  the  order.      Of 
course  the  superposition  of  the  spectra  gives  the  relative  wave- 
length.    To  get  the  superposition,  of  course,  photography  is 
the  best  method. 

Having  so  far  obtained  only  the  first  approximation  to  the 
theory  of  the  concave  grating,  let  us  now  proceed  to  a  second 
The  dividing  engine  rules  equal  spaces  along  the  chord 
the  circular  arc  of  the  grating :  the  question  is  whether  any 
otber  kind  of  ruling  would  be  better.  For  the  dividing  engine 
is  so  constructed  that  one  might  readily  change  it  to  rule 
slightly  different  from  equal  spaces. 

The  condition  for  theoretical  perfection  is  that  C  shall  remain 
ooTistant  for  all  portions  of  the  mirror.  I  shall  therefore  inves- 
tigate how  nearly  this  is  true. 

Let  p  be  the  radius  of  curvature  and  let  R  and  r  be  the  true 

distances  to  any  point  of  the  greating,  R^  and  r^  being  the  dis- 

t^s^Dces  to  the  center.     Let  fx  and  v  be  the  general  values  of  the 

arfcgles  and  fi^  and  v^  the  angles  referred  to  the  center  of  the 

mirror.    The  condition  is  that 

^=Bm  /i  +  sm  V 

shall  be  a  constant  for  all  parts  of  the  surface  of  the  grating. 
L€tu8  then  develop  sin  fx  and  sin  v  in  terms  of  fx^^  v^  and  the 
snrie  d  between  the  radii  drawn  to  the  center  of  the  grating 
^nd  to  the  point  under  consideration.  Let  d'  be  the  angle 
t^etween  R  and  R^,,     Then  we  can  write  immediately 

p  sin  /i=p  sin  fx^  cos  (J'  +  Ro  sin  S'—p  cos  fx^  sin  6' 

sin  /i=sin  ix^  cos  6'  \  \-\ r-^ —  A  tan  6'  \ 

(        psm/i^  ) 


96  JLA.  Hatdand — Concave  Cfratings/ar  OpUcal  Purpo^i 
DeyelopiDg  the  value  of  cos  S  in  terms  of  ^,  we  have 

As  the  cases  we  are  to  consider  are  those  where  A  is  sm 
it  will  be  sufficient  to  write 

tand'='--^5-i-atf. 

Whence  we  have 

8in/i=Bin/i^co8d j  i+cot)u,Ad+:^ri+^^^^«1(y 

We  can  write  the  value  of  sin  v  from  symmetry.     But  we  hf 

2-=-=Bm  li  +  smy. 

In  this  formula,  dh  can  be  considereil  as  a  constant  depend 
on  the  wave-length  of  light,  etc.,  and  ds  as  the  width  apart 
the  lines  on  the  grating.     The  dividing  engine  rules  lines 
the  curved  surface  according  to  the  formula 

2  ^=C08  6  (sm  /i^  +  sm  v^). 

But  this  is  the  second  approximation  to  the  true  theoreti 
ruling.  And  this  ruling  will  not  only  be  approximately  c 
rect,  but  exact  when  all  the  terms  of  the  series  except  the  fi 
vanish.  In  the  case  where  the  slit  and  focus  are  on  the  cir 
of  radius  i/>,  as  in  the  automatic  arrangement  described  abo 
we  have  A=0  and  the  second  and  third  terms  of  the  ser 
disappear,  and  we  can  write  since  we  have 

— 2=co8)u^  and  ~=co8  r„ 
P  **  P  "^ 

^dh  ,.  .       ./       1  sinyw  tan//  H-siuK  tanK„-,      . 

But  in  the  automatic  arrangement  we  also  have  1^0= 0,  and 
the  formula  becomes 

2  ^=co8  6 (sin  /4q  +  sin  r^)  1  1  —  ^  ^•**"  ^o  ^'  +  *c-  f 

find  the  greatest  departure  from  theoretical  perfection 
refer  to  the  edge  of  the  grating.     In  the  gratings  wbi 
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I  am  now  making,  p  is  about  260  inches  and  the  width  of  the 
grating  about  54  inches.  Hence3=—r  approximately  and  the 


series  becomes 


^- 2,000,000*^°  ^«- 


Hence  the  greatest  departure  from  the  theoretical  ruling,  even 
when  tan  [1^=^^  is  1  m  1,000,000.  Now  the  distance  apart 
of  the  components  of  the  1474  line  is  somewhat  nearly  one 
forty -thousandth  of  the  wave-length  and  I  scarcely  suppose  that 
any  line  has  been  divided  by  the  best  spectroscope  in  the  world 
whose  components  are  less  than  one-third  of  this  distance  apart. 
Hence  we  see  that  the  departure  of  the  ruling  from  theoretical 
perfection  is  of  little  consequence  until  we  are  able  to  divide 
lines  twenty  times  as  fine  as  the  1474  line.  Even  in  that  case, 
since  the  error  of  ruling  varies  as  <?",  the  greater  portion  of  the 
grating  would  be  ruled  correctly. 

The  question  now  comes  up  as  to  whether  there  is  any  limit 
to  the  resolving  power  of  a  spectroscope.  This  evidently  de- 
pends upon  the  magnifying  power  and  the  apparent  width  of 
the  lines.  The  magnifying  power  can  be  varied  at  pleasure  and 
so  we  have  only  to  consider  the  width  of  the  lines  of  the  spec- 
trum. The  width  of  the  line  evidently  depends,  in  a  perfect 
grating,  upon  threa  circumstances,  the  width  of  the  slit,  the 
number  of  lines  in  the  grating  and  the  true  physical  width  of  the 
line.  The  width  of  the  slit  can  be  varied  at  pleasure,  the  num- 
ber of  lines  on  the  grating,  can  be  made  very  great  (160,000  in 
one  of  mine),  and  hence  we  are  only  limited  by  the  true  physical 
width  of  the  lines.  We  have  numerous  cases  of  wide  lines, 
such  as  the  C  line,  the  components  of  the  D*  and  H  lines  and 
numerous  others  which  are  perfectly  familiar  to  every  spectro- 
scopist  Hence  we  are  free  to  suppose  that  all  lines  have  some 
physical  width,  and  we  are  limited  by  that  width  in  the  resolv- 
ing power  of  our  spectroscope.  Indeed,  from  a  theoretical  stand- 
point, we  should  suppose  this  to  be  true :  for  the  molecules  only 
vibrate  freely  while  swinging  through  their  free  path  and  in  order 
to  have  the  physical  width  one  one-hundred-thousandth  of  the 
wave-length,  the  molecule  must  make  somewhat  nearly  one  hun- 
•  dred  thousand  vibrations  in  its  free  path  :  but  this  would  require 
a  free  path  of  about  two  inches  !  Hence  it  would  be  only  the 
outermost  solar  atmosphere  that  could  produce  such  fine  lines 
and  we  could  hardly  expect  to  see  much  finer  ones  in  the  solar 

*  I  have  recently  tlisoovored  that  each  component  of  the  D  line  is  double  prob- 
ibly  from  the  partial  reversal  of  the  line  as  we  nearly  always  see  it  in  the  flame 
ipectnuD. 

Ax.  JouB.  Soi.— Third  Sbbibs,  Vol.  XXVI,  No.  152.— August,  1883. 
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spectrum.  Again*  it  is  found  impossible  to  obtain  interference 
between  two  rays  whose  paths  diflfer  by  much  more  than 
50,000  wave-lengths. 

All  the  methods  of  determining  the  limits  seem  to  point  to 
about  the  150,000th  of  the  wave-length  as  the  smallest  distance 
at  which  the  two  lines  can  be  separated  in  the  solar  spectrum 
by  even  a  spectroscope  of  infinite  power.  As  we  can  now 
nearly  approach  this  limit  I  am  strongly  of  the  opinion  that  we 
have  nearly  reached  the  limit  of  resolving  power,  and  that  we 
can  never  hope  to  see  very  many  more  lines  in  the  spectrum 
than  can  be  seen  at  present,  either  by  means  of  prisms  or 
gratings. 

It  is  not  to  be  supposed,  however,  that  the  average  wave- 


length of  the  line  is  not  more  definite  than  this,  for  we  cai 
easily  point  the  cross  hairs  to  the  center  of  the  line  to  perha]^ 
1  in  1,000,000  of  the  wave-length.  The  most  exact  method  o] 
detecting  the  coincidences  of  a  line  of  a  metal  with  one  in  th< 
solar  spectrum  would  thus  be  to  take  micrometric  measure 
ments  first  on  one  and  then  on  the  other;  but  I  suppose  i" 
would  take  several  readings  to  make  the  determination  to  1  ii 
1,000,000. 

Since  writing  the  above  I  have  greatly  improved  my  appi 
ratus  and  can  now  photograph  150  lines  between  the  IE  and  ~ 
lines,  including  many  whose  wave-length  does  not  diflfer  moi 
than  1  in  about  80,000.  I  have  also  photographed  the  147 
and  6,  and  6^,  widely  double,  and  also  E  just  perceptibl 
double.  With  the  eye  much  more  can  be  seen,  but  I  must 
that  I  have  not  yet  seen  many  signs  of  reaching  a  limit  Th^€ 
lines  yet  appear  as  fine  and  sharp  as  with  a  lower  power.  M< 
my  grating  is  assumed  to  be  perfect,  in  the  third  spectrum  J 
should,  be  able  to  divide  lines  whose  wave-lengths  diflfered,  m  n 
about  150,000,  though  not  to  photograph  them. 

The  E  line  has  components,  about  ^nrJinr^^  ^^  ^^  wave-len| 
apart     I  believe  I  can  resolve  lines  much  closer  than  this, 
1  in  100,000  at  least     Hence  the  idea  of  a  limit  has  not  y 
been  proved. 

However  as  some  of  the  lines  of  the  spectrum  are  much  wid 
than  others  we  should  not  expect  any  definite  limit,  but  a  gra.^ 
ual  falling  off*  as  we  increase  our  power.  At  first,  in  the  shox"^ 
wave-lengths  at  least,  the  number  of  lines  is  nearly  proportioEii»-l 
to  the  resolving  power,  but  this  law  should  fail  as  we 
pioached  the  limit 

^  This  method  of  detenniniDg  the  limit  has  been  suggested  to  me  "hj  Prof. 
Hastings,  of  this  University. 
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Art.  XIL — Olacial  Markings  of  Unusual  Forms  in  the  Lauren- 
tian  Hills;*  by  Edmund  Andrews,  M.D.,  LL.D. 

Two  summer  vacations  spent  in  camps  and  canoes  where  the 
Laurentian  Hills  skirt  the  northeast  shore  of  Lake  Huron  have 
brought  t(j  my  notice  some  glacial  phenomena  of  very  unusual 
forms. 

These  hills  are  for  the  most  part  ranges  of  hard  metamorphic 
rock,  which,  at  the  bowlder  drift  period,  were  scraped  bare  and 
washed  clean  of  all  earthy  covering,  so  that  the  present  forests 

)w  mostly  in  a  thin  stratum  of  vegetable  mold  of  later  origin, 
^he  irr^ular  and  knobby  eminences,  as  the  country  slopes 
gradually  beneath  the  level  of  Lake  Hurgn,  project  their 
countless  summits  above  the  water  in  a  wide  belt  of  wooded 
islands,  which  extend  along  the  coast  some  two  hundred  and 
fifty  mile&  The  British  chart  (Bayfield^s  original)  marked 
fifty-two  thousand  of  these  islands.  The  rocks  along  the  coast 
are  mostly  white  quartzite  and  gneiss,  and  are  everywhere  cov- 
ered with  glacial  markings,  which  are  often  of  peculiar  forms. 
North  and  northeast  of  Grand  Manitoulin  Island,  the  Cloche 
Mountains  stretch  east  and  west  about  thirty  miles  along  the 
coast  These  mountains  are  of  white  quartzite  and  the  strata 
are  nearly  perpendicular,  with  their  striae  parallel  to  the  range, 
that  is,  east  and  west  They  are  covered  everywhere  with 
striations,  which,  owing  to  the  intense  hardness  of  the  material, 
retain  their  forms  with  beautiful  distinctness. 

Curved  Strl*. 

Among  the  interesting  phenomena  of  the  region  are  the 
thousands  of  curved  striations.  Fig.  1  is  from  the  stream  that 
comes  down  by  the  Hudson's  Bay  Post,  about  fifteen  rods 
above  the  cascade.  There  is  a  broad  gap  here  in  the  Cloche 
Eange  through  which  some  fine  lakes,  lying  behind  the  moun- 
tains, send  their  surplus  waters  to  Lake  Huron.  The  stream 
apparently  ran  in  the  same  bed  before  the  drift  period,  for  the 
little  gorge  at  D  (indicated  in  the  figure  by  shading),  scarcely 
ten  feet  deep,  is  well  scored  to  the  very  bottom  with  glacial 
striffi  following  all  the  sinuosities  of  the  stream.  .The  general 
course  of  the  striae  of  the  gap  is  southward.  The  perpendicu- 
lar lines  in  the  figure  indicate  this  general  direction,  while  the 
curved  lines  in  the  shading  of  the  gorge  D  show  how  the  striae 
bend  abruptly  in  order  to  follow  around  the  hard  quartzite 
banks  of  the  stream,  and  in  doing  so  even  run  a  little  contrary 
to  the  main  course  of  the  glaciation. 

The  crest  of  the  Cloche  Mountains  is  crossed  by  a  multitude 

*  Read  before  the  Chicago  Academy  of  Sciences. 
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of  giant  grooves,  some  of  which  reach  a  depth  of  six  feet, 
are  twenty  feet  acroHS.    These  markings  run  southward,  rou 


) 


ing  slightly  over  the  summit  of  the  raDge  and  dowo  ita  sic 
until  tbej  reach  the  crests  of  its  soutbeni  precipices  where  t 
terminate  abraptly,  as  it  were,  sailing  away  mto  the  air 
not  forming  any  grooves  down  ita  face. 

Sixty  miles  southeast  of  the  CJoche  gap  and  off  the  mo 
of  French  River,  there  lies,  outside  of  the  general  insular  I 
a  beautiful  cluster  of  wooded  islets,  the  Bustard  Isles.  ' 
group  consists  of  about  two  hundred  great  roches  moulom 
upon  which  sufEcienl  vegetable  mold  has  accumulated  to  t 
port  a  thick  growth  of  trees.  Wherever  this  soil  has  b 
washed  away  by  the  waves  the  striie  come  to  view. 

Fig.  2  was  sketched  t\ 
a  sample  of  curved  marki 
■_  near  one  of  my  camps 
J  the  north  side  of  the  gro 
I  The  sketch  represents  ab 
fifteen  feet  of  the  length 
the  marks.  It  is  not  e 
to  see  any  reason  for 
curve,  as  there  was  no  pn 
inence  of  rock  in  the  di: 
tion  of  X  to  turn  the  ice.  In  fact  the  islet  was  highest  on 
side  toward  which  the  ice  turned  at  the  first  curve.  '. 
compass  mark  is  approximately,  but  not  precisely  correct 

Fig.  8  is  copied  from  my  notes  of  observatioa  on  strise  foi 
at  Negannee,  in  northern  Michigan.  A  knob  of  rock  unc 
ered  by  iron  miners  was  of  such  material  that  it  showed  on 
irrc^Iar  surface  the  finest  markings,  even  to  hair  lines.     Th 
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were  apon  this  rock  some  curves  which  were  evidently  deflec- 
tioDS  caused  by  knobs  and  bosses  on  its  surface,  as  for  instance 


3. 


atZ.  While  other  markings  were  erratic  and  curved  without 
obvious  cause,  as  though  the  ice  had  beer>  swayed  by  swirling 
currents  as  the  waters  moved  about  it  The  most  of  the  glaci- 
ation  was  in  the  direction  shown  by  the  horizontal  linea  The 
curved  lines  in  the  figure  were  selected  from  hundreds  of 
others  on  a  surface  of  about  two  rods  square.  They  were  gen- 
erally short,  and  some  of  the  curves  were  of  less  than  one  foot 

ladiua 

Serrated  Stride. 

Behind  the  Cloche  Mountains  the  Spanish  Biver  runs  west- 
ward into  Lake  Huron.     A  branch  of  this  stream,  called  the 
Sable,  coming  down  from  the  hills  on  the  north,  presents  near 
its  mouth  five  cataracts  within  a  distance  of  eight  miles.     At 
the  lowest  of  the  falls  the  river  runs  through  a  sort  of  rock 
flume,  having  upon  both  sides  walls  about  forty  feet  in  height, 
not  quite  vertical  but  with  a  slight  inclination  away  from  the 
stream.     These  cliffs  are  smooth  and  striated  in  every  part  par- 
allel to  the  stream.    At  the  falls,  which 
are  only  a  few  feet  in  height,  the  striae 
curve  with  the  descent,  and  also  later- 
ally with  a  bend  of  the  cliff.     On  the 
^walls  of  the  gorge  are  to  be  seen  a 
few  examples  of  the  marks  A  and  B. 
Fig.  4  and  the  mark  A  is  serrated, 
the  serrations  being   perhaps  twelve 
inches  high.    Tt  is  not  easy  to  explain 
the  cause  of  these  striee  in  a  perfectly 
satisfactory  manner,  but  it  would  seem  that  ice  must  have  been 
driven  through  tHe  flume  with  a  rocking  motion  so  that  the 
\)owlders  on  its  lateral  margins  were  caused  to  take  a  zigzag 
ooorse,  scoring  the  walls  in  a  corresponding  form.    In  B,  fig.  4, 


4. 
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ifl  represented  a  aection  -of  cerlain  marks  produced  in  the  same 
msDner  as  those  cuts  of  a  stone  planing  engine  where  the  tool 
trembles  or  vibrates  in  the  grasp  of  the  machine  so  as  to  cut  a 
finely  serrated  groove.  In  the  specimens  found  the  serrations 
were  about  one-quarter  of  a  centimeter  from  crest  to  crest.  It 
is  possible  that  the  regular  vibrations  thus  recorded  on  the 
rocks  had  some  fixed  mathematical  relation  to  the  velocity  of 
the  ice,  which  might  possibly  be  determined  by  calculation  or 
experiment. 

New  Index  of  the  Dibeotion  of  Motion. 

The  mark  C,  fig.  4,  was  copied  from  a  granitic  ro(^€  mou- 
tonti  at  the  fishing  hamlet  of  Killamey  near  some  quartzite 
ranges  named  "Killamey  Mountains."  Striae  of  this  type 
show  a  multitude  of  minute  cracks  extending  laterally  and 
curved  so  as  to  present  their  points  forward  in  the  direction  of 
the  glacial  movement.  Only  large  grooves  and  scratches  show 
this  peculiarity.  It  is  a  very  convenient  mode  of  determining 
the  direction  of  the  motion,  for  the  pressure  of  the  bowlders 
which  made  the  scratches  as  they  moved  forward  caused  the 
transverse  cracks  to  present  their  concave  sides  always  forward. 
It  is  well  known  to  engineers  that  in  brittle  substances  the  forms 
assumed  by  fractures  vary  wiih  the  velocity  of  the  impact, 
so  that  there  is  probably  a  time  relation  involved  here  also 
which  would  make  it  possible  to  determine  the  approximate 
velocity  of  the  ice  which  carried  the  bowlders.  Sucli  a  calcu- 
lation, if  base<l  upon  carefully  repeated  experiments,  might 
prove  an  important  contribution  to  our  scanty  knowledge  of 
the  Drift  Period. 

Scoop  MARsa 

These  are  singular  phenomena  and  very  difficult  of  explana- 
tion.    They  are  of  two  varieties,  the  striated  and  the  unatria- 
ted.      Fig.   5  is  a  diagram   intended 
to   illustrate   a   typical   form   of   the 
:  striated  variety.     The  marks  consist 

/~-^^^^^^^^^~^  ^^  shallow  elongated  excavations  or 
—  ~^^^^^:—^  troughs  which  may  be  many  feel  in 
—'      -==^3==.,^  width.     They  run  nearly  in  the  direc- 
il  tion  of  the  general   striation  of   the 

J  locality,  and  look  as  though  a  huge 

-_— _ —   flour  scoop   had    been   inserted   into 

____^ '^~-^     the   rock   and    had   cut   out  enough 

of  its  substance  to  make  a  smooth 
and  rather  shallow  concave  channel.  The  end  toward  the 
east,  or  northeast  from  whence  the  drift  action  came,  is  abrupt, 
sharply -de  fined,    and    although    the   angle    of  junction    with 
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the  genera]  surface  is  obtuse,  yet  this  line  of  junction  is  a 
sharp  and  clearly  cut  edge  and  not  a  gradual  sloping  or 
rounding  into  the  general  level.  The  interior  of  the  concavity 
is  well  striated  in  the  direction  of  its  own  length,  but  the 
scratches  are  never  continuous  with  those  of  the  general  sur- 
face northeast  of  the  head  of  the  scoop  mark  ;  and,  conversely, 
the  striae  of  the  general  glaciated  surface  are  all  cut  off  abruptly 
at  the  head  of  the  sooop  and  never  descend  at  all  into  it. 

The  tail  of  the  channel  grows  shallower  as  it  runs  west  or 
southwestward,  and  its  thin  extremity  merges  imperceptibly 
into  the  glaciated  surrounding  surface.  A  few  of  the  scoop- 
marks  are  nearly  flat  in  contour  and  are  only  recognizable 
where  they  cut  abruptly  through  at  an  obtuse  angle  into  the 
general  face  of  the  rock. 

The  interpretation  of  these  anomalous  scoop-marks  is  some- 
what perplexing ;  at  least,  after  considerable  study  of  them,  I 
am  quite  unable  to  frame  a  plausible  theory  of  their  origin 
other  than  the  general  one,  that  ice  was  the  agent. 

The  unstriated  scoop-marks  differ  considerably  from  the 
others  in  form,  and  on  tne  average  are  smaller,  seldom  exceed- 
ing two  feet  in  breadth.  There  are  no  glacial  markings  in  their 
smooth  but  unpolished  concavities. 

Whether  they  never  contained  any  striations  or  whether  the 
markings  have  been  erased  by  sand  and  water  driven  through 
them  before  the  Drift  Period  closed  is  not  easily  determined. 
These  channels  generally  are  crooked  without  obvious  reason 
(see  fig.  6),  and  are  narrowest  at  the  end  toward  the  northeast, 
from  which  direction  the  drift  came.  Toward  the  opposite 
extremity  they  grow  wider 
and  more  shallow,  disap- 
pearing finally  and  vaguely 
iDto  the  general  ice-marked 
surface  of  the  locality.  The 
specimen  shown  in  fig.  6 
is  perhaps  six  feet  long, 
suDk  in  granite,  without 
any  crevice- vein  or  visible 
irregularity  in  the  rock  face 
to  account  for  its  excavation  at  .that  spot.  These  channels 
often  differ  pretty  widely  in  direction  from  the  adjacent  stria- 
tion,  and  the  end  nearest  the  northeast  commences  as  a  rounded 
depression  without  the  clear  cut  edge  presented  by  the  striated 
scoop-marks.  The  darkly  shaded  spot  in  fig.  6  was  deeper 
than  the  rest,  as  if  from  a  species  of  "  pot-hole  "  action. 

Most  of  the  striated  scoop-marks  are  not  independent  phe- 
nomena, like  fig.  6.  but  evidently  are  appendages  to  adjacent 
knobs  and  projections  of  rock.     The  type  of  such  cases  is  rep- 
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resented  in  fig.  7,  which  is  a  diagram  of  the  plan  of  namerous 
specimens  seen  along  the  eastern  shore  from  Killarnej  to  Parry 
1  Sound,  a  distance  of   about 

one  hundred  miles.  K  is  a 
boss  or  knob  of  rock  project- 
ing above  the  general  gla- 
ciated surface  in  an  oral  form 
— in  fact,  a  roche  moulormei. 
The  specimen  in  fig.  7  is 
about  four  feet  high,  fifteen 
'vide  and  thirty  long  ;  but  all 
sizes  and  irregular  forms  are 
common.  The  observed  spe- 
cimens are  moatlv  in  gneiss. 
The  horizontal  naes  in  the 
diagram  show  the  general 
direction  of  the  striation  in 
the  locality  -:-  nearly  west- 
southwest,  as  shown  by  the 
arrow.  It  will  be  seen  that 
as  the  since  approach  and  nse  upon  the  surface  of  the  knob 
they  are  deflected  to  the  right  and  left  and  sweep  over  iL 
in  an  oblique  course  This  sort  of  curved  deflection,  partly 
over  and  partly  around  obstacles  is  common  to  the  whole  coast, 
so  that  m  mnny  places  almost  all  the  stri»  are  curved  by  the 
influence  of  the  knobby  surfaces  of  the  gneiss  and  qiiartzite 

TT  are  two  unstriated  scoop-marks  having  a  length  of  about 
ten  feet  and  a  width  of  twelve  inches.  They  begin  vaguely 
near  to  each  otlier,  but  not  in  contact,  close  to  the  nortlieast 
end  of  the  knob,  and  rapidly  deepen  to  six  inches  or  more  as 
they  curve  about  its  two  sides,  after  which  ihey  grow  wider 
and  more  shallow  until  they  become  lost  in  the  general  glacia- 
tion  along  the  sides  of  the  rocky  buttress.  There  are  no  stria 
in  these  concavities  and  their  inner  borders  do  not  touch  tbe 
base  of  the  knob  but  keep  a  foot  or  more  away  from  it,  ieaviug 
a  narrow  strip  of  level  striated  rock  between  ihe  margins  of  the 
troughs  and  the  eminence. 

In  a  multitude  of  cases  like  this  it  is  sufficiently  clear 
that  the  resistance  offered  by  knobs  of  rocks  to  the  progress 
of  the  drift  agencies  in  some  way  determined  the  presence 
and  direction  of  these  scoop-marks. 

The  great  bell  of  fifty-two  thousand  islands,  wbove  referred 
to,  varies  from  three  to  fifteen  miles  m  width  and  is  about  two 
hundred  and  fifty  miles  long.  Beginning  at  the  St.  Marie 
River  it  first  outlines  the  north  channel  by  the  great  Manitoulin 
group,  and  thence,  passing  southeast  through  Frazer  Bay,  con- 
tinues along  the  whole  east  coast  of  Georgian  Bay  and  termi- 
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nates  near  Collin^wood.  Ne^r  the  main  land  the  islands  are 
mostly  metamorphic  with  a  very  distorted  stratification,  but  a 
few  of  those  on  the  lakeward  border  of  the  belt  are  of  Silurian 
limestone  with  the  strata  dipping  gently  away  from  the  nearest 
metamorpbic  hills. 

This  almost  untrodden  solitude,  which  has  lain  forgotten  by 
the  crowds  of  summer  pleasure  seekers,  is  well  worthy  of  a 
visit  by  the  lover  of  nature.  The  magnificent  panoramas  of 
the  island-belt  as  viewed  from  the  summits  of  the  La  Cloche 
and  Killamey  ranges  are  unique  and  in  themselves  well  worth 
the  journey  to  the  region.  Fortunately  they  are  as  yet  almost 
unknown  to  sight-seers  and  stilt  remain  in  their  original  fresh- 
ness and  silence. 


Abt.  XIIL— -Bwpon^e  to  ike  Remarks  of  Messrs.  WachamiUh  and 
Springer  on   the   genera   Glypiocrinus  and  Reteocrinus ;    by 

S.  A.  Miller. 

In  response  to  the  remarks  of  the  distinguished  paleontolo- 
gists, Messra  Wachsmuth  and  Springer,  on  the  genera  Olypto- 
crinus  and  Reteocrinus,  in  the  April  No.  of  this  Journal,  p.  255, 
I  would  say,  that  the  first  issue  joined,  between  us,  is  one  of 
law  and  not  of  fact  and  may  be  stated  as  follows : 

In  1858,  Can.  Org.  Rem.,  Decade  4,  p.  63,  Prof.  Billings  de- 
fined the  genus  Reteocrinus  and  the  species  Reteocrinus  atella- 
ris  from  the  Trenton  Group,  at  Ottawa,  Canada,  and  also,  with 
much  doubt  referred  another  species  to  the  same  genus.  In 
1866,  in  advance  sheets  of  the  24th  Rep.  N.  Y.  St.  Mus.  Nat 
Hist  p.  206,  Prof.  Hall  defined  the  species  Olyptocrinus  Nealli, 
from  the  upper  part  of  the  Hudson  River  Group,  at  Lebanon, 
Ohio.  In  1881,  Revision  of  the  Paleeocrinoidea,  pt.  2,  p.  191, 
Messrs.  Wachsmuth  and  Springer  reconstructed  the  genus  Reteo- 
crinuSj  with  Olypidcrinus  Neallieis  the  type,  and,  in  their  remarks 
above  referred  to  (p.  264),  they  defend  their  right  to  retain  a 
generic  name  and  substitute  any  species  as  the  type  of  the 
genus  (always  of^course  having  a  good  specimen  from  which 
to  ascertain  the  characters).  If,  they  say,  *'  It  happens,  that  the 
true  characters  of  the  grouf)  are  better  and  more  comprehen- 
sively expressed  in  some  other  species  than  the  one  first  de- 
scribed, there  is,  in  our  opinion,  not  the  least  objection  to  adopt- 
ing it  as  the  type  of  the  genus  thus  rectified."  They  think 
their  practice,  in  this  respect,  fully  justified,  and  aver  they 
intend  to  adhere  to  it,  and  say  they  find  '*  other  good  authori- 
ties do  the  same  thing." 

The  question  is,  Can  a  subsequent  author  revise  a  genus  and 
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substitate  as  its  type  a  species  unknown  to  the  original  author 
of  the  generic  name,  or  not  included  by  him,  among  his  types 
of  the  genus,  or  not,  itself,  originally  made  or  intended  to  be 
made  the  type  ? 

I  deny  that  the  subsequent  author  has  any  such  privilege, 
under  the  laws  and  rules  of  science,  and  affirm  that  no  matter 
liow  learned  the  naturalist,  how  eminent  the  scientist,  or  inhe- 
rently able  and  accurate  the  diagnosis  may  be,  such  work  is  an 
absolute  nullity. 

The  issue  is  then,  as  before  remarked,  one  of  law,  and  the 
importance  of  determining  it  is  not  confined,  in  its  scope,  to  the 
genera  under  consideration,  nor  to  paleontology,  but  extends 
throughout  Natural  History.  If  I  am  right  and  should  be 
able  to  convince  Messrs.  Wachsmuth  and  Springer,  that  such  is 
the  case,  there  is  no  doubt,  they  would,  notwithstanding  pre- 
vious opinions,  follow  the  law,  because  they  are  not  only  learned, 
paleontologists  but  devotees  of  science. 

I  will  quote  from  the  rules  for  rendering  the  nomenclature  o 
Zoology  uniform  and  permanent  adopted  at  the  12th  meeting  < 
the  British   Association    for  the  Advancement  of  Science  L^ 
1842. 

''  It  bein^  admitted  on  all  hands  that  words  are  only  the  ooti^ 
ventional   signs  of  ideas,  it  is  evident   that   language  can   on\y 
attain  its  end  effectually  by  being  permanently  established  autf 
generally  recognized.     This  consideration  ought,  it  would  seem, 
to  have  checked  those  who  are  continually  attempting  to  subvert 
the  established  language   of  Zoology  by   substituting  terms  of 
their  own  coinage.     But,  forgetting  the  true  value  of  language, 
they  persist  in  confounding  the  name  of  a  species  or  group  with 
its  definition  ;  and  because  the  former  always   falls  short  of  the 
fullness  of  expresion   found  in  the  latter,  they  cancel  it  without 
hesitation,  and  introduce  some  new  term  which  appears  to  them 
more  characteristic,  but  which  is  utterly  unknown  to  the  science, 
and  is,  therefore,  devoid  of  all  authority.     If  those  persons  were 
to  object  to  such    names   of  men    as   Long^   Little^    Armstrong 
Golightlj/y  etc.,  in  cases  where  they  fail  to  apply  to  the  individu- 
als who  bear  them,  or  should  complain  of  the  names  Goughy  Lato- 
rencty  or  Harvey^  that  they  were  devoid  of  meaning,  and  should 
hence  propose  to  change  them  for  more  characteristic   appella- 
tions, they  would  not  act  more  unphilosophically   or   inconside- 
rately than  they  do  in  the  case  before  us ;  lor,  in  truth,  it  matters 
not,  m  the  least,  by  what  conventional  sound  we  agree  to  desig- 
nate an  individual  object,  provided  the  sign  to  be  employed  be 
stamped  with  such  an  authority  as  will  suffice  to  make  it   pass 
current.     Now,  in  Zoology,  no  one  person  can  subsequently  claim 
an  authority  equal  to  that  possessed  by  the  person  who  is  the  first 
to  define  a  new  genus  or  describe  a  new  species  ;  and  hence  it  is, 
that  the  name  originally  given,  even  though  it  may  be  inferior  in 
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« 

point  of  elegance  or  expressiveness  to  those  subsequently  pro- 
posed, ought  as  a  general  principle  to  be  permanently  retained. 
To  this  consideration  we  ought  to  add,  the  injustice  of  erasing 
the  name  originally  selected  by '  the  person  to  whose  labors  we 
owe  our  first  knowledge  of  the  object ;  and  we  should  reflect 
bow  much  the  permission  of  such  a  practice  opens  a  door  to 
obscure  pretenders  for  dragging  themselves  into  notice  at  the 
expense  of  original  observers." 

"The  name  originally  given  by  the  founder  of  a  group,  or  the 
describer  of  a  species,  should  be  permanently  retained  to  the 
exclusion  of  all  subsequent  synonyms." 

"As  the  number  of  known  species  which  form  the  ground- 
work of  zoological  science  is  always  increasing,  and  our  knowl- 
edge of  their  structure  becomes  more  complete,  fresh  generaliza- 
tions continually  occur  to  the  naturalist,  and  the  number  of  gen- 
era and  other  groups  requiring  appellations  is  ever  becoming  more 
extensive.  It  thus  becomes  necessary  to  subdivide  the  contents 
of  old  groups,  and  to  make  their  deiinitions  continually  more 
reBtricted.  In  carrying  out  this  process,  it  is  an  act  of  justice  to 
the  original  author  that  his  generic  name  should  never  be  lost  sight 
of ;  and  it  is  no  less  essential  to  the  welfare  of  the  science,  that 
all  which  is  sound  in  its  nomenclature  should  remain  unaltered 
amid  the  additions  which  are  continually  being  made  to  it." 

"A  generic  name,  when  once  established,  should  never  be  can- 
celled m  any  subsequent  subdivision  of  the  group,  but  retained  in 
a  restricted  sense  for  one  of  the  constituent  portions." 

**When  a  genus  is  subdivided  into  other  genera,  the  original 
Dsme  should  be  retained  for  that  portion  of  it  which  exhibits  in 
the  greatest  degree  its  essential  characters  as  at  first  defined. 
Authors  frequently  indicate  this  by  selecting  some  one  species  as 
a  fixed  point  of  reference,  which  they  term,  the  '  type  of  the 
genos.'  When  they  omit  doing  so,  it  may  sti-ll  in  many  cases  be 
ooirectly  inferred  tnat  the  Jirst  species  mentioned  on  their  list,  if 
foand  accurately  to  agree  with  their  deflnition,  was  regarded  by 
them  as  the  type.  A  speciflc  name  or  its  synonyms  will  also 
often  serve  to  point  out  the  particular  species,  which  by  implica- 
tion must  be  regarded  as  the  original  type  of  a  genus.  In  such 
cases  we  are  justified  in  restoring  the  name  of  the  old  genus  to 
its  typical  signification,  even  when  later  authors  have  done  oth- 


erwise." 


"The  generic  name  should  always  be  retained  for  that  portion 
of  the  original  genus  which  was  considered  typical  by  the  author." 

^^ Example, — The  genus  Picuimma  was  established  by  Teui- 
minck,  and  included  two  groups,  one  with  four  toes,  the  other 
with  three,  the  farmer  of  which  was  regarded  by  the  author  as 
typical.  Swainson,  however,  in  raising  these  groups  at  a  later 
period  to  the  rank  of  genera,  gave  a  new  name,  Astlienurus^ 
to  the  former  group,  and  retained  Picumnus  for  the  latter.  In 
this  case  we  have  no  choice  but  to  restore  the  name  Picwnnus 
Tern.,  to  its  correct  sense,  canceling  the  name  Asthenurus  Sw., 
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and  imposing  a  new  name  on  the  three-toed  group  which  Swa 
bad  called  Pieumnus.'^ 

"  When  no  type  is  indicated,  then  the  original  name  is 
kept  for  that  sab«eqaent  subdivision  which  first  received  it" 

"  When  the  evidence  as  to  the  original  type  of  a  gen  as  i 
perfectly  clear  and  indisputable,  then  the  person  who  first  8 
Tides  the  genus  may  affix  the  original  name  to  any  portion 
at  his  discretion,  and  no  later  author  has  a  right  to  transfei 
name  to  any  part  of  the  original  genus.'' 

*•  When  an  author  infringes  the  law  of  priority,  by  givi 
new  name  to  a  genus  which  has  been  properly  defined  ana  n: 
already,  the  only  penalty  which  can  be  attached  to  this  a 
negligence  or  injustice  is  to  expel  the  name  so  introduced 
the  pale  of  science.'' 

**  When  two  authors  define  and  name  the  same  genus, 
making  it  exactly  of  the  same  extent,  the  later  name  shou 
canceled  in  totOj  and  not  retained  in  a  modified  sense." 

•*No  special  rule  is  required  for  the  cases  in  which  the  lat 
two  generic  names  is  so  defined  as  to  be  less  extensive  in  sign 
tion  than  the  earlier,  for  if  the  later  includes  the  type  of  the  ei 
genus,  it  would  be  canceled  by  the  operation  of  the  rule  tha 
generic  name  should  always  oe  retained  for  that  portion  o; 
original  genus  which  was  considered  typical  by  the  author." 

"  If  the  later  name  be  so  defined  as  to  be  equal  in  extei 
two  or  more  previously  published  genera,  it  must  be  cane 

in  toto:' 

"A  genu.s  compounded  of  two  or  more  previously  prop 
genera,  whose  characters  are  now  deemed  insufficient,  sb 
retain  the  name  of  one  of  them.  If  these  original  generic  nj 
differ  in  date,  the  oldest  one  should  be  the  one  adopted." 

The  committee  on  zoological  nomenclature,  consisting 
Wm.  II.  Dall,  who  was  assisted  by  Dr.  Asa  Gray,  appoi 
by  the  American  Association  for  the  Advancement  of  Sci< 
in  1876,  reported  to  the  Nashville  meeting  in  1877.  Upon 
Hubject  of  names  to  be  preserved  in  writing,  dividing  or  m 
fying  the  limits  of  existing  groups,  the  committee  said  : 

**gL.  A  change  in  the  diagnostic  characters,  or  a  revi 
which  carries  with  it  the  exclusion  of  certain  elements  of  a  gn 
or  the  inclusion  of  new  elements,  does  not  authorize  the  chang 
the  name  or  names  of  a  group." 

•*8LI.  When  a  group  or  genus  is  divided   into  two  or  n 
tfroupH  the  original  name  must  be  preserved  and  given  to  on 
in<9  principal  divisions.     The  division  including  the  typical  spe 
of  tlie  i>rimitive  genus,  if  any  type  had  been  specified,  or 
^*  lent   neHt  known  or  most  characteristic  of  the  species  origin; 
dudcd   when    the  primitive  genus   was  first   described  "by 
Ithor  in  the  portion  for  which  the  original  name  is  to  be  ] 
rved!     If  there  is  no  section  specially  so  distinguished,  t 
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which  retains  the  larger  number  of  species  shoald  retain  the 
old  name  (DC),  but  the  latter  cannot  be  applied  to  a  restricted 
group  containing  none  of  the  species  referred  to  the  primitive 
group  by  its  author  at  the  time  when  it  was  described  or  when  he 
enumerated  the  species  contained  in  it.'' 

In  the  preparation  of  this  report  the  author  placed  great 
dependence  on  the  memoir  of  DeCandolle,  find  presented  to  the 
working  naturalists  a  spries  of  questions,  requesting  answers, 
which  were  quite  fully  responded  to.  The  12th  question  and 
the  answers  were  as  follows : 

"Shall  a  subsequent  author  be  permitted  in  revising  a  com- 
posite genus  (of  which  no  type  was  specified  when  it  was 
described)  to  name  as  its  type  a  species  not  included  by  the 
original  author  oi  the  genus  in  that  latter  author's  list  of  species 
given  when  the  genus  was  originally  described?  No  37. 
Doubtful  2.     Yes  5.     No  answer  1." 

I  will  cite  only  one  more  authority.  Professor  Meek  in  dis- 
cussing the  type  of  the  genus  Straparollus  says : 

"It  seems  to  us,  however,  that  if  the  name  Etwmphalus  is  to 
be  retained  at  all,  we  should  apply  it  to  the  forms  for  which  it 
was  originally  proposed,  and  that  we  have  no  right  to  transfer 
it  to  another  type,  because  Sowerby  subsequently,  in  another 
place,  refers  this  other  type  to  his  genus  Eiumiphalus" — Geol. 
Sarv.  HI.,  vol.  ii,  p.  158. 

The  rule  that  a  subsequent  author  cannot  revise  a  ^enus  and 
substitute  as  its  type  a  species  diflferent  from  that  relied  upon 
by  the  founder  of  the  genus  seems  to  be  as  well  settled  in 
England  and  America  as  any  other  rule  or  law  upon  the  subject 
of  nomenclature  in  Natural  History,  and  I  know  of  no  author 
of  recognized  merit  in  either  country,  save  Messrs.  Wachsmuth 
and  Springer,  who  has  attempted  to  violate  it  The  subject  is 
not  new,  and  the  instances  of  strictly  adhering  to  the  rule, 
under  circumstances  where  it  would  have  seemed  to  accommo- 
date the  author  to  violate  it,  are  numerous.  For  instance.  Pro- 
fessor Hall,  mistaking  the  type  of  the  genus  Retzia,  proposed 
and  defined  the  genus  Rhynchospira  ;  afterward  ascertaining  that 
Rhynchospira  was  a  synonym  for  Retzia^  he  abandoned  it  and 
proposed  Rhynchotreta  for  the  form  which  he  had  originally 
mistaken  for  Retzia,  Had  it  not  been  for  this  rule  he  might 
have  abandoned  Retzia  evax  as  the  type  of  his  genus  Rhynchos- 
pira, and  substituted  Rhynchonella  cuneata,  which  became  the 
type  of  Rhynclioireia,  You  will  look  in  vain  in  the  works  of 
such  authors  as  Hall,  Billings,  Cope  and  Meek  for  any  support 
of  the  views  of  Wachsmuth  and  Springer  upon  this  subject ; 
and  the  reason  is  obvious.  If  they  can  substitute  another  than 
the  original  species  as  the  type  of  a  genus,  I  can  substitute  yet 
another,  and  you  can  another,  and  so  we  destroy  all  fixity  in 
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the  type  and  designated  characters,  throw  the  science  into 
confusion,  and  seriously  impair  the  value  and  reliability  of 
generic  characters,  besides  losing  all  interest  in  the  original  work 
of  the  author  who  established  the  genus. 

The  conclusion  is  inevitable  that,  as  a  matter  of  law  or  rale 
of  science,  Qlyptocrinus  Nealli  cannot  be  made  the  type  of  the 
genus  Beteocrinus,  and  the  diagnosis  must  be  canceled  and 
stricken  from  the  pale  of  science. 

Nor  are  we  in  accord  in  respect  to  the  value  of  the  genus 
Reteocrinus^  nor  as  to  the  relationship  existing  between  it  and 
Olyptocrinus  Nealli^  for  I  regard  the  latter  as  having  a  closer 
affinity  to  Olyptocrinus  decadactyltts  than  it  has  to  Rekocrintts 
steUartSj  though  it  may  fairly  be  regarded  as  holding  an  inter- 
mediate position.  I  have  had  the  pleasure  of  seeing  the  orig- 
inal specimen  represented  by  fig.  4a,  pi.  9,  of  Decade  4,  which 
is  the  type  of  the  genus  ReteocrinuSy  and  from  recollection  think 
the  figure  is  a  correct  representation  of  it.  Now  let  us  com- 
pare It  with  0,  Nealli ;  of  course  the  comparison  can  only  b& 
made  with  the  azygous  side  and  the  column. 

G.  Nealli, — Column   sharply   pentagonal  and   composed  o^ 
alternating  thin  and  thicker  pieces. 

J?,  stellaris. — Column  round  and  composed  of  very  thin  plates^ 

O.  Nealli, — Basal  plates  very  small,  presenting  a  low  tnangu- 
lar  face  on  the  exterior  (though  minutely  truncated  at  the  lat- 
eral angles)  and  not  interfering  with  the  pentalobate  character, 
as  viewed  from  below,  in  following  the  depressions  in  the  col- 
umn acrpss  the  central  part  and  greatest  height  of  the  basals 
and  beyond  the  lower  lateral  sides  of  the  subradials. 

R,  stellaris, — Basals  large,  presenting  an  hexagonal  face  on 
the  exterior  and  bearing  a  strong  bow-shaped  ridge  with  sinus 
or  concave  side  upward,  not  in  contact  with  the  margins,  ex- 
cept where  it  meets  corresponding  ridges  on  the  succeeding 
plates  above ;  the  remaining  portions  of  these  plates  depressed 
from  J  to  i  of  a  line.  No  pentalobate  character  in  the  central 
part  of  these  plates,  but  deep  depressions  at  their  lower  lateral 
sides. 

O,  Nealli. — Subradials  about  as  wide  as  long,  except  the  one 
on  the  azygous  side  which  is  a  little  longer  than  wide,  and  each 
bearing  a  semicylindrical  three-rayed  ridge,  highest  in  the  cen- 
tral part  and  sending  one  arm  below  to  meet  the  angles  of  the 
column  and  one  to  each  of  the  adjoining  radials  to  meet  corre- 
sponding semicylindrical  ridges,  except  the  subradial,  on  the 
azygous  side,  which  bears  an  additional  depressed  semicylindri- 
cal ridge  extending  upward  to  the  superior  truncated  siae. 

B,  stellaris, — Subradials  very  large,  longer  than  wide,  and 
each  bearing  a  more  than  semicylindrical  double-bifurcated  or 
four-rayed  ridge,  two  of  the  ridges  on  each  uniting  with  the  -= 
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concave  ridges  on  the  basals  below  and  two  uniting  with  sim- 
liar  ridges  on  the  primary  radials  above.    The  subradial  on  the 
tzjgOQS  side  bears  a  fifth  or  additional  ridge  extending  up- 
w^ara  from  the  middle  of  the  concave  side  of  the  upper  bifur- 
cating ridges  to  the  superior  truncated  side  or  middle  of  the 
azjgous  interradius.     The  depressions  between  these  plates  or 
the  height  of  these  ridges  is  f  of  a  line. 

Q.  Pealli — Primary  radials  three  in  each  series,  except  in 
the  left  posterior  ray,  which  has  only  two.  These  plates  are 
slightly  longer  than  wide,  the  first  and  third,  or  in  the  left  pos- 
t^erior  ray  the  first  and  second,  are  pentagonal  and  of  almost 
e:2cactly  the  same  size,  form  and  ornamentation,  so  that  by  re- 
^r^rsing  ends  they  would  almost  fill  each  other's  places.  The 
s^scond  plate  in  four  series  is  subquadrangular. 

R.  aieUaris. — Primary  radials  four  in  each  series,  the  first  one 
v^ry  large,  bearing  a  high  bifurcated  ridge  which  unites  with 
ponding  ridges  on  the  subradials  on  either  side  below ; 
e  second  much  smaller  and  shorter ;  the  third  diminished  in 
iae  a  little  more ;  and  the  fourth  very  small  in  comparison 
ith  the  first,  evidently  not  more  than  one-fourth  as  larga 
0.  NeallL — Secondary  radials,  twelve  to  about  sixteen  in 
h  series,  four  or  five  of  the  lower  ones   being  larger  and 

fwportionally  longer,  than  those  above  (which  are  very  short, 
we,  aid  scarcely  diflfer  from  the  free  arm  pieces^ ;  the  second 
or  third  one  having  somewhat  the  character  ot  an  axillary 
piece,  and  giving  off  a  small  lateral  division  or  series  of  pieces 
pD  the  outer  or  mterradial  side,  that  does  not  become  free,  but 
*s  soldered  in  with  the  interradials  to  the  top  of  the  body 
"^here  it  gives  origin  to  a  pinnule  like  those  of  the  arms. 

A  iteUaris. — Secondary  radials,  four  to  six  in  each  series 
^^ry  gradually  diminishing  in  size,  without  any  evidence- of  a 
*^leraT  division  from  either  plate. 

0.  Nealli — Azygous  interradial  area  covered  by  fifty  or  sixty 
plates,  very  unequal  in  size,  the  middle  row  being  decidedly 
larger  and   more  prominent  than   the  others,  so  as  to  form  a 
'idge  up  the  middle,  while  the  other  smaller  and  less  prominent 
^^es  are  crowded  in,  irregularly,  on  each  side.     The  plates  in 
^hia  middle  row,  however,  have  no  uniformity  in  size  or  shape; 
^he  first  one  is  large  and  elongated,  the  fourth  is  small  and  sub- 
^Uadrate ;  and  the  row  has  become  about  obsolete  at  the  sixth 
plate,  where  all  are  of  nearly  the  same  size  and  scarcely  dis- 
tinguishable from  the  minute  pieces  which  cover  the  flattened 
^ault  and  with  which  they  unite. 

A  steUaris. — Azygous  interradial  area  covered   by  a  large 
P^mber  of  plates,  probably  one  hundred  or  more,  very  unequal 
^n  size,  the  middle  row  being  decidedly  larger  and  more  prom- 
inent than  the  others  so  as  to  form  a  ridge  up  the  middle.     The 
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plates  iQ  this  row,  however,  do  not  rapidly  diminish  in  812 
and  fade  out  in  their  distinctive  character  before  reaching  tt 
top  of  the  vault ;  on  the  contrary  they  are  longer  than  the  pr 
mary  radials,  four  of  them  reach  nearly  as  hi^b  as  the  last  c 
the  secondary  radials,  and  while  the  specimen  is  not  preserve 
above  this,  enough  is  disclosed  to  the  paleontologist  to  shov 
that  this  series  continued  up  the  face  of  a  proboscis  thai  ei 
tended  may  be  as  far  or  farther  than  the  arms  and  the  pinnalei 

If  we  look  at  the  general  aspect  and  form  of  O.  NeaBi  an 
R  stellaris  there  is  as  little  resemblance  as  we  have  found  in  tfa 
more  particular  comparison.  G.  NeaUi  has  a  pentalobate  obci 
noidal  calyx  and  large  flowing  arms  and  pinnulea  R.  sidlar 
has  a  saucer-shaped  calyx  below,  it  is  elongated  in  the  regio 
of  the  primary  radials  and  has  small  or  diminutive  arms  an 
pinnules.  Indeed  there  is  no  striking  resemblance  between  tfa 
two  species,  except  in  the  depressed  interradial  areas  covere 
by  numerous  plates,  but  even  this  resemblance  is  not  continue 
in  the  upward  extension  of  the  azygous  interradial  area. 

Therefore,  notwithstanding  the  learning  and  usually  skillft 
judgment  of  Messrs  Wachsmuth  and  Springer  in  regard  I 
fossils  belonging  to  this  class,  fortified  as  it  is  by  the  opinion  i 
my  young  friend  Walter  R.  Billings  and  by  Professor  A.  G 
Wetherby,  and  the  confidence  with  which  these  authors  asser 
that  "  The  question  of  the  generic  identity  of  G.  NeaUi  an 
allied  forms  with  ifefeocnnt**,  may  be  considered  at  rest,"  I  b 
lieve,  and  express  the  opinion  without  hesitation,  that  they  ai 
not  congeneric,  and  that  Reteocrinus  stellaris  is  so  far  remove 
from  Glyptocrintis  NeaUi  that  it  is  doubtful  whether  they  shoul 
even  be  classified  in  the  same  family. 

Messrs.  Wachsmuth  and  Springer  call  attention  to  the  fm 
that  in  describing  Glyptocrinus  Pattersoni  I  said  it  diflFerc 
from  other  species  of  Glyptocrinus  in  having  only  ten  armi 
there  was  a  thoughtless  omission  on  my  part  to  except  Glypi 
crinus  Baeri ;  but  they  say  Glyptocrinus  NeaUi  and  Glypiocrim 
cognatus,  which  I  had  described  only  a  year  before,  have  on! 
ten  arms.  This  is  to  me  incomprehensible,  for  Glypiocrim 
NeaUi  was  described  by  Hall  and  again  by  Meek  (Ohio  Pa 
vol.  i,  p.  35)  as  a  species  bearing  twenty  arms,  and  I  have  sa 
the  type,  and  have  examined  more  than  a  hundred  specimei 
each  having  twenty  arms  and  never  saw  a  specimen  withoi 
that  number.  As  to  Glyptocrinus  cognaius,  the  number  of  am 
was  unknown,  at  the  time  the  species  was  described,  but  I  sa 
pose  it  to  have  had  either  twenty  or  twenty-four.  I  have  no 
before  me  three  specimens  so  nearly  allied  to  it  that  it  is  hai 
to  point  out  specific  differences.  Each  of  them  show  the  am 
and  each  have  twenty-four. 

I  do  not  desire  to  be  understood  as  saying  that  it  is  eith< 
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inexpedient  or  improper  to  separate  the  species  now  arranged 
under  Olt/ptocrinus  and  distribute  them  in  two  or  three  genera; 
no  .satisfactory  work,  however,  has  yet  been  done  in  that  direc- 
tion ;  and  if  Olypiocrinus  NeaUi,  (7.  Baerij  O.  aubglobosus  and 
G.fimbriaius  are  thrown  in  one  section,  then  I  am  free  to  say 
it  is  better  that  all  shall  remain  under  the  present  generic  name. 
Moreover,  I  think  subgeneric  names  in  paleontology  ought  not 
to  be  encouraged,  because  they  are  inconsistent  with  the  bi- 
nomial system  of  nomenclature  and  really  serve  no  scientific 
purpose. 

To  review  the  species  now  classed  with  Olyptocrimia  and 
point  out  their  differences  in  structure  would  too  greatly 
lengthen  this  article.  It  may  be  done  in  another  communi- 
cation. 


Art.  XIV. — On  die  Present  Status  of  the  Eccentricity  Tlieory 
of  Ohcial  Climate ;  by  W.  J.  McGee. 

The  recent  appearance  of  an  important  treatise,  in  which 
Croll's  theory  of  secular  variations  in  terrestrial  climate  is 
given  a  prominent  place,*  has  elicited  some  adverse  criticism 
of  that  theory,  by  different  reviewers,  which  can  only  be  re- 
garded as  embodying  the  current  objections  to  the  adoption  of 
^he  eccentricity  theory  in  general. 

In  addition  to  an  indefinite  general  argument  such  as 
flight  equally  be  brought  to  bear  against  any  intricate  and 
comprehensive  theory  involving  principles  falling  within  the 
domains  of  diverse  nascent  branches  of  science,  Gilbert*  urges 
^hree  definite  and  specific  objections  against  the  theory: 

1.  "If  it  is  true,  then  epochs  of  cold  must  have  occurred 
^ith  considerable  frequency  through  the  entire  period  repre- 
sented by  the  stratified  rocks ;  and  iceberg  drift,  if  no  other 
traces,  should  have  been  entombed  at  numerous  horizons.  It 
has  not  been  found,  however,  and  of  the  eight  horizons  claimed 
^y  Croll  to  show  evidence  of  glacial  acti<m,  the  treatise  under 
<^n8ideration  mentions  only  two  with  confidence,  and  two 
others  with  doubt  In  the  two  instances  to  which  queries  are 
Dot  attached,  the  phenomena  appear  to  indicate  local  and  not 
general  glaciation. 

2.  If  the  hypothesis  is  true,  the  cold  of  the  Glacial  epoch 
n[^U8t  have  been  many  times  interrupted  by  intervals  of  excep- 
tional warmth;  but  little  has  been  added  to  the  evidence  adduced 
hy  Oroil  for  such  an  interruption,  and  in  America,  where  there 
^9  Jiov^  great  activity  in  the  investigation  of  glacial  phenomena, 

'   "Text  Book  of  Geology,"  A.  Gteikie,  1882.  21-29.  •  Nature,  ucvii,  262. 

^ouB.  8oi.— Third  Sbbibs,  Vol.  XXVI,  No.  15U.— AuorsT,  1883. 
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the  evitliMu-o  ot  :i  siu'jle  inter-glacial  period  is  cumulative  ai^^d 
»>ver\vlielmini:,  whilo  there  is  no  indication  whatever  of  mo^^re 
than  one. 

o.   If  il'.e  liypothesis  is  irue.  submerjience  in  polar  and  temp-    -^• 
vxiW    reLii'^ns  sliiv.il. I  have  been  c«>inoident  with  glacial  expa^c"j- 
-iion.  ai«d   e:iier.:vn.^^  e.v:iiM<]ent    with  glaeiul    retreat.   Vmt   tl    »e 
i.^*;;:iter-.iarv  iiist.Tv  of  Great  Hritain.  as  tlrawn  in  the  new  te:c:  t- 
tHv^k.   i'.Lciadi's  L\v.^  i^erio-ls  of  n:axirna:n  ice-extension,  stpar^r^- 
u  i  by  ;t  '.'oriod  .«f  sibrnerjeiice."' 

Tlie  vvi.tor  «•:"  :..e  A:v.;:'i.a'i  Naturalist'  insists  1,  that  tlie 
'*  hyp**:'.u^r.o;i'  s:'^:^:;il:o  oi  ::.e  Gr/.f  Stream  tt)  account  for  the 
:r'.,-.eia'.  o'.;:v.:i:e  »•:  Norirorr.  Eiiroi-e  is  ::o:  warrantol  by  pale- 
or.tolo^ ■.■;■/.  :;.o:s."  a::  :  *J.  :':.:;:. —  **  S  •  exireineiy  hyjotheticaJ, 
iv''Vt\  ;  ;'.".e  -.:•  ..'^'.oa'  o^:.si'.iera::  •:.>.  :s  :i.e  evideiice  of  the  ao- 
ea'-.e^:  *•.:■.: er^.:ui;i".  :  or:..  ;s."  "^  *  ::.a:  we  wonder  that  our 
a.;t.  ;  <..v"i...:  e:\d..:'so  1'-.  Cr.'.s  s;  evu'.a::  ■-■s  without  stating 
so"^:^  o:  :.>  1:;^  :s  s.:;  :  v  >o^:  :o  s:;s:;:::;  s.;e::  a  view. 

W::..  :/?  .;.•.>:•...:•.>::.  o-.ar;.::er:s:c    >?:  British    specialists, 

■a      ..      .....  .^»  >.  ••,..      ...,_  .,._...       .■•■      -. 

\«\  •!■  V.  «■««.««.•         ■«        »lk«^. »■«•-.'«.« 

N     N  :   .>:  V.  :.:.^■...^.  .    :  .  :  ,"  ..s  :...-v    :  >  frr-'n  the  most  emi- 

--.*.•■•    i  •    -    •- .-^       •  ■■  -^     *      A--  •  ••      ••     •''..•%"■*.  T-"i 'I'la       ^fkOfA 

...r.\  :\;-.  :  "    .-,    ■■:"^   :.   ;",:  .:  •     "V.r  : .v.vr.:    dvienr.ining  the 

:.  ...   :r.ev  r4re  directed; 
heorv  except  in 
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established  that,  as  long  ago  suggested  by  Ljel],  continental 
configuration  must  exercise  an  important  influence  on  the  ac- 
cumulation of  land  ice,  and  that  the  pre-Quateruary  geography 
of  the  northern  hemisphere  was  probably  such  as  to  preclude 
extensive  ice-accumulation.     In  this  view  the  recognized  fun- 
damental elements  of  glacial  climate  are  eccentricity,  precession 
and  continental  configuration  (to  which  should  be  added,  secu- 
lar refrigeration).     Such  view  has  already  been  favorably  re- 
ceived by  LeConie,^  Penck"  and  others,  and  no  reason  to  ques- 
tion its  truth  has  thus  far  appeared. 

The  summary  objection  first  enumerated  is  therefore  invalid. 
The  common  second  objection  of  the  first  two  reviewers  has 
silao'  been  anticipated  by  Wallace,  whose  climate-diagram  ex- 
hibits but  one  a-glacial  period*  separating  two  considerable 
glacial  periods."  The  improbability  that  an  extensive  ice-sheet 
ooald  be  melted  during  an  inter  glacial  epoch  had  been  previ- 
ously shown,  quantitatively,  by  the  writer."  Since,  however, 
tliese  investigations  have  been  alike  neglected  in  the  recent 
reviews,  a  more  thorough  examination  must  be  undertaken. 

While  the  maximum  accumulation  of  polar  ice  must  ever  fall 
below  that  of  middle  latitudes,"  and  while  independent  glaciers 
raay  be  locally  developed  in  any  latitude,  provided  other  con- 
ditions be  favorable,  it  mav  be  assumed  without  discussion 
that  the  Quaternary  ice  of  the  northern  hemisphere  originated 
well  within  the  arctic  circle ;  and  here,  accordingly,  iftay  the 
manner  and  rate  of  development  of  an  ice-sheet  be  considered. 

Again:  while  glacial  periods  must,  as  is  generally  admitted, 
be  periods  of  low  temperature,  and  must  also,  as  long  ago  dem- 
onstrated by  Tyndall,"  be  characterized  by  abundant  precipita- 
tion, the  recognition  of  these  conditions  as  causative  and  not 
induced  is  unwarranted  in  the  present  state  of  knowledge ; 
while,  as  best  elucidated  by  Wallace,"  geographical  vicissitudes 
unquestionably  afTect  the  formation  of  polar  ice,  the  evidence 
of  such  changes  of  magnitude  commensurate  with  the  phenom- 
ena of  Quaternary  glaciers  wholly  fails;  and  while  as  urged  by 
CrolV*  continental  configuration  may  serve  to  indirectly  inten- 
sify glacial  conditions,  its  agency  must  ever  be  secondary  and 
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Elemente  of  Geology,"  2d  ed.,  1882,  578. 
*  "Die  VerglelBcherung  der  Doutschon  Alpen,"  1882,  452. 
*SiDoe  the  term  "inter-glacial"  was  used  in  a  defioite  and  restricted  sense  by 
CroQ,  it  seems  desirable  that  some  other  expression  should  be  employed  to  denote 
•nj  considerable  period,  or  number  of  periods,  durinfc  which  glaciers  did  not  pre- 
?idl ;  and  for  this  purpose  "  a-glacial"  is  suitable. 
'•"Island  Life,"  122.  "  (ieol.  Ma>?.,  vi,  1H79,  41H. 

"01  "Maximum  Synchronous  Glaciation,"  Proc.  Am.  Assoc.  Adv.  .Sci.,  xiix, 
mo,  447,  ti  seq. 
»Ct  "Forms  of  Water,"  1877,  154.  '*  ''Island  Life,"  Ch.  ix. 

»*"(limate  and  Time,"  Am.  ed.,  1875,  Oh.  V;    Ceol.   Mag.,   vi,   1879,   480; 
(Mine's  Text  Book,  1882,  27  ;  anc}  elsewhere. 
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subordinate.  In  the  eccentricity  theory,  per  se^  then,  all  savi 
the  immediate  effects  of  increased  eccentricity,  ander  coodi 
tions  similar  to  those  actually  known  to  obtain,  must  be  elimi 
nated  ;  and  on  these  further  premises  may  the  mode  and  rate  o 
ice-accumulation  be  sought. 

In  the  north-frigid  zone  the  existing  ice-fields  are  to  all  ap 
pearances  permanent;  whence  annual  addition  to  them  fron 
congealed  precipitation  and  loss  from  melting,  flow  of  ice  an< 
water,  and  the  liberation  of  bergs  are  practically  equal.  Th 
annual  precipitation  can  only  be  approximately  estimated.  1 
on  the  last  eaition  of  Loomis'  rain  cnart"  the  precipitation  o 
land  areas  be  the  means  of  the  values  represent^  by  the  seven 
tints  employed,  the  average  for  the  year  at  N.  lat.  68°  is  18' 
inches.  Toward  the  pole  it  must  be  materially  less:  it  is,  ii 
deed,  sometimes  so  little  in  northern  Greenland  that  Bessel 
thought  the  glaciers  there  must  be  but  remnants  of  those  forme 
during  past  ages.'^  The  mean  (and  the  measure  of  meltinf 
for  the  whole  year  certainly  cannot  exceed  10  inches. 

Neglecting  trivial  amounts  from  diverse  sources,  the  hea 
reaching  the  frigid  zone  is  derived  (1)  from  vapor-laden  wind; 
and  (2)  from  direct  solar  accession.  Now  that  received  froi 
the  first  of  these  sources  is  indeterminate;  but  that  from  th 
second  is  alone  sufficient  to  liquefy  399  inches  (88*26  feet) 
annually.  Actually  not  more  (and  probably  far  leas)  tha 
^^  of  this  melting  can  take  place,  and  it  is  hence  manifest  ths 
in  com[1uting  the  effects  of  eccentricity,  the  actual  and  not  th 
theoretical  values  of  annual  addition  and  loss  must  be  era 
ployed."  The  source  of  the  discrepance  need  not  here  be  cor 
sidered  in  detail. 

For  convenience,  and  since  no  appreciable  error  will  be  intrc 
duced  thereby,  the  foregoing  values  for  precipitation  and  mell 
ing,  :ind  their  equality,  may  be  assumed  normal — i.  e.,  such  a 
would  obtain  were  the  solstices  equidistant  from  the  apsides. 

Different  investigators  have  shown  that  the  immediate  resul 
of  increased  eccentricity  (in  conjunction  with  precession)  mua 

'•  This  Journal,  xxv,  January,  1883, 

''  CiUHi  by  WfXMkof.  *•  WindH  of  the  (JIoIh?,"  Smithsonian  Contrih.  Knowl.,  26i 
IS75  (-vol.  XX,  18T6).  r,80. 

'**  ('f.  '•  Nraximiiin  Synchronous  (ilaoiation."  op.  oit.,  473. 

If,  as  afjpoars  from  a  ])0|)ular  notice  (Harper's  Magazine,  IxWi,  18S3,  91,  o 
this  Journal,  xxv.  1883,  lOf)).  Lanjxley's  recont  ohwrvations  prove  (1)  that  ti 
value  of  Holar  ain^ssion  hitherto  jiccopti^d  is  too  low.  and  (2)  that  the  tcmperatur 
of  stellar  f^viuv  approadics  absolute  zero,  the  argument  hero  presented  will  gai 
ill  fonv,  an<l  ijjreater  potenoy  must  he  aserihcd  to  the  agencio8  coutemplated  in  tb 
oceentri<»ity  theory. 

''  In  the  disonssion  already  alluded  to  ('On  the  Sui>erficial  Deposits  of  the  Mi 
aissippi  Valley,"  TJeol.  Mag,  vi.  ls71>,  118)  the  theoretical  rate  of  melting  wa 
used  as  a  basis  for  an  estimate  of  the  tnaxinmm  removal  of  ice  during  an  Intel 
glacial  i)eriod;  an<l  the  result  is  accordingly  far  too  large. 
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be  the  inauguration  of  five  glaciation-factors,  of  which  two  are 
direct  and  three  indirect.     These  are,  (1)  diminution  of  mean 
temperature,**  (2)  increase  of  evaporation  and  precipitation,'*  (8) 
acceleration  of  radiation,"  (4)  promotion  of  reflection,"  and  (5) 
increase  of  protection  from  solar  accession  by  clouds  and  fogs." 
The  first  factor  has  been  roughly  evaluated  only  as  regards  its 
effect  on  temperature,  whence  its  agency  in  ice-accumulation 
remains  indefinite;  and  the  quantitative  efficiency  of  the  last 
four  has  never  been  sought,  and  cannot  now  be  numerically  ex- 
pressed without  more  thorough  investigation  than  is  here  war- 
ranted.    It  must  therefore  sufiice  to  assume  for  all  a  probable 
value;"  and  it  will  assuredly  do  no  violence  to  the  most  con- 
servative opinions  (especially  in  view  of  the  considerable  influ- 
ence shown  to  be  exerted  by  the  first  factor)  to  assume  that  the 
united  agency  of  the  five  factors  is  such  as  to  counterbalance 
the  lessened  solar  distance  in  summer,  and  render  the  combined 
factors  effective  in  the  sum  of  the  excess  of  winter-season  above 
normal.     Manifestly,  since  but  two  (and  probably  not  the  most 
important)  of  the  glaciation-factors  are  directly  effective,  while 
the  others  acquire  eflSoiency  only  through  the  accumulation  of 
ice,  the  diminution  of  annual  melting  will  not  be  uniform  but 
cumulative  throughout  the  Platonic  .winter — the  period  during 
which  winter-season  occurs  in  aphelion  ;  as  the  ice  increases,  so 
will  its  disposition  to   increase   become   intensified;    but   the 
aasumed  may  be  regarded  as  the  mean  rate.     During  each  Pla- 
tonic winter,  then,  a  mean  accumulation  of  ice  directly  propor- 
tional to  the  increase  in  length  of  winter-seasoTi  will  annually 
take  place. 

With  the  eccentricity  of  210,000  years  ago  (*0o75,  as  com- 
puted by  Croll)"  the  maximum  excess  of  winter-season  over  the 
Dormal  during  such  Platonic  winter  was  about  13*5  days,  or  a 
mean  for  each  such  period  of  6*75  days ;  throughout  which 
period,  accordingly,  the  annual  accumulation  of  ice  was 
^jXlO,  or  '185  inch,  and  within  which  the  total  accumulation 
wasqual  to  -185x18,000,  or  2405  inches  (200  feet). 

Toward  the  equator  actual  and  possible  annual  j)recipitation 
and  liquefaction  progressively  increase,  the  first  four  glaciation- 

*The  writer,  "A  Contribution  to  Croll's  Theory,"  this  Journal,  xxii,  ISHl.  437. 

-'  Hill,  "Evaporation  and  Kccentricity."  (ieol.  Mug.,  viii,  18S1,  481 ;  this  Jour- 
nal xxui.  1882,  61. 

"CroU,  "Climate  and  Time,"  1875.  58;  Geikie's  Text  Hook,"  1882.  25. 

*■  Groll,  op.  cit  1,  60 ;  op.  cit.  2.  26. 

**  Croll,  op.  cit.  1,  60;  op.  oit.  2,  20. 

**  Let  it  be  clearly  understood  that  such  an  assnniptiou  is  not  made  as  an  att«"nii)t 
to  demoustrate  the  validity  of  the  eceeutricity  theory  V>y  any  process  uf  tlefcctive 
f^aoning;  the  only  demouRtration  worthy  of  tin*  name,  mnv  admissilik',  would  Ik? 
*ii  approximate  evaluntion  of  the  glaciation-factors.  severally  an<l  jointly,  at  the 
^rious  latitude  of  the  zone  over  which  they  are  cnicioiit.  Such  an  iiivesiiu:ation 
l^esenta  no  oerious  difficulty  aside  from  the  time  and  lal)or  rcijuired  in  its  prosc- 
Wion.  •«  •'  Climate  and  Time,"  320. 
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factors  progressively  lose  in  relative  efficiency,  the  6ftli  increase 
the  share  of  heat  derived  from  warmer  latitudes  diminishes,  ad 
the  periodicity  of  solar  accession  becomes  more  equable,  Whereb, 
loss  through  radiation  is  accelerated.  From  tnis  complex  o* 
diverse  and  antagonistic  elements  only  the  most  vague  estimatei 
of  the  relative  rates  of  addition  and  loss  in  higher  and  lowei 
latitudes  could  be  directly  deduced  without  exhaustive  analyni 
and  computation  ;  but  it  is  certain  that  the  annual  addition  U 
the  ice-sneet  could  never  exceed  the  precipitation,  while  it  i 
obvious  that  the  annual  loss  must  fail  of  the  addition ;  whenc 
the  foregoing  value,  if  doubled  or  tripled,  and  certainly  if  quad 
ruplcd,  would  be  ample  for  the  whole  glaciated  area  oi  th 
northern  hemisphere. 

But  however  slow  the  rate  of  ice-accumulation,  the  rate  of  ia 
dissolution,  when  the  positions  of  the  hemispheres  were  rcversec 
would  be  far  slower;  for  the  effective  factors  of  accelerate 
radiation  and  promoted  reflection,  which  are  but  secondary  i 
the  initial  development  of  an  ice-sheet,  would  then  reach  mux: 
mum  efficiency.  The  enormous  dissipation  of  heat  by  icy  sui 
faces  is  seldom  adequately  appreciated :  after  a  light  snow-fal 
equal  to  but  a  fraction  of  an  inch  of  ice,  in  the  upper  Mississipp 
valley,  the  temperature  falls  from  freezing-point  to  zero,  and  th 
snow  is  not  even  softened  by  a  day's  uninterrupted  sunshim 
demonstrably  sufficient  to  melt  an  inch  and  three-quarters  o 
ice;  the  n^ve-fields  of  the  Savoyan  Alps  receive  enough  sola 
energy  in  a  year  to  melt  54  feet  of  ice,  yet  the  actual  superficia 
liquefaction  must  be  trivial ;  an  earlier  paragraph  indicates  tha 
less  than  a  fortieth  of  the  theoretical  melting  actually  occurs  ii 
the  frigid  zones;  the  solar  accession  in  the  frigid  zone  in  sura 
mcr  is  considerably  greater  than  at  the  equator,  as  Meech  ha 
calculated,"  yet  the  liquefaction  annually  effected  there  woul« 
be  effected  in  a  week  were  the  available  energy  utilized  in  sue 
work;  it  appears  susceptible  of  mathematic  proof  that  if  th 
water  of  the  earth  were  converted  into  a  mantle  of  ice  uniforml 
enveloping  its  surface,  not  acrystal  of  it  would  ever  be  meltec 
Not  even  an  approximate  estimate  of  thfe  rate  of  ice-dissolutio 
can  be  made  without  analyzing  and  evaluating  the  wonderfull 
effective  agencies  of  radiation  and  reflection ;  but  it  is  oertai. 
again  that  only  a  fraction  of  the  ice  accumulated  during 
Platonic  winter  could  be  removed  during  a  Platonic  summei 
and  whether  the  fraction  be  large  or  small,  it  may  safely  h 
affirmed  that  little  more  than  a  tithe  of  the  Quaternary  ice-she- 
could  have  been  removed  during  a  single  inter-glacial  period. 

Let  it  be  observed  that  if  the  preceding  estimates  of  prese 

^  "Relative  Intensity  of  the  Light  and   Heat  of  tho  Sun,"  Smitlis,  Contr-: 
owl,  85,  1855  (=vol.  ix,  1856),  18,  pi.  J. 
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annual  precipitation,  or  of  the  combined  values  of  the  glaciation- 
factors,  be  excessive,  the  computed  rate  of  ice-accumulation  is 
too  rapid;  while  if  they  be  defective,  the  importance  and  effi- 
ciency of  eccentricity  as  an  element  in  glacial  climate  has  been 
underestimated. 

The  foregoing  results  sustain  the  opinion  of  Wallace  and 
others  as  already  stated,  and  show  that  (presumably)  the 
weightiest  objection  of  the  recent  reviewers  is  invalid. 

The  third  objection  of  the  first  reviewer  is  based  on  a  subor- 
dinate side-question  springing  indirectl}^  from  the  Crollian  the- 
ory, which  may  or  may  not  in  any  way  affect  the  fundamental 
principles  of  the  theory ;  for  the  question  as  to  what  physical 
effect  a  given  mass  of  ice  will  exert  on  the  earth *s  center  of 
gravity  and  on  the  position  of  the  ocean  is  wholly  independent 
of  the  question  as  to  the  reason  of  Quaternary  ice-accumulation ; 
and  the  validity  of  the  eccentricity  theory,  per  se,  is  accordingly 
in  no  way  affected  by  the  verity  of  the  phenomena  adduced. 

Again,  the  tripartite  sequence  of  Quaternary  deposits  described 
in  the  text-book  (glacial — aqueous — glacial)  does  not  appear  to 
be  80  thoroughly  understood  and  so  clearly  drawn,  and  the 
consensus  of  opinion  concerning  it  so  uniform,  as  to  allay  the 
soBpicion  that  the  aqueous  beds  may  be  analogous  to  those 
everywhere  deposited  during  and  immediately  after  the  with- 
drawal of  the  second  ice-sheet. 

This  objection,  therefore,  is  also  invalid. 

In  his  first  objection  the  second  reviewer  overlooks  the  fact 
(upon  which  the  writer  has  already  had  occasion  to  insist)'"  that 
the  hypothetical  deflection  of  the  Gulf  Stream,  in  the  manner 
contemplated  by  Croll,  is  an  fff'ect  of  glaciation,  and,  if  a  cause 
It  all,  only  a  secondary  one.  Hence  if  the  glaciation-factors 
alone  are  capable  of  inaugurating  a  glacial  period,  the  assistance 
of  this  element  is  not  essential ;  and  if  they  are  not  alone  capa- 
ble of  producing  such  an  effect,  the  whole  theory  fails. 

This  objection,  too  is  accordingly  incompetent. 

With  no  desire  to  underestimate  the  actual  difficulties  of  the 
eccentricity  theory,  or  to  detract  one  iota  from  the  laudable 
caution  displayed  in  such  general  criticism  as  that  of  the  first 
reviewer,  a  word  may  be  added  with  reference  to  the  deprecia- 
tory lone  of  the  class  of  critics  represented  by  the  third  reviewer. 
Intricate  and  far-reaching  as  the  theory  is,  encroacliing  as  it 
does  upon  different  branches  of  science,  involving  as  it  must 
elements  seldom  coordinated  by  individual  specialists,  it  requires 
for  its  thorough  comprehension  a  range  of  preliminary  study 

*  •*  CroH'g  » aimate  and  Time'''  (review),  Popular  Science  Monthly,  xvi,  1880,  819. 
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which  few  geologists  can  afford  to  bestow  upon  it ;  and  as  with 
special  investigations  generally,  so  in  this  case,  the  men  who 
have  not  made  such  study  are  prone  to  ignore  or  dis{>arage  both 
the  investigation  and  its  results.  It  assuredly  speaks  strongly 
for  the  respectability,  and  equally  makes  for  the  probability  of 
the  theory,  that  nearly  every  geologist  whose  writings  show  that 
he  thoroughly  comprehends  it  is  disposed  to  regard  it  as  some- 
thing more  than  a  vague  hypothesis,  and  that  those  who  un- 
derstand its  principles  best  are  most  ready  to  teach  it  as  a 
tentative  but  probable  geologic  and  cosmogonic  doctrine. 
Never  more,  and  seldom  as  much,  may  be  said  of  the  narrower 
speculations  of  empirical  geology. 

Salt  Lake  City,  Utah,  April  16th,  1883. 


Art.  XV. —  On  Hie  Cmmningling  of  ancient  Faunal  and  tnoder^  ^ 
Flwal  Types  in  the  Laramie  &roup;  by  CHARLES  A.  WHITE. 

[Published  in  advaDce  by  permission  of  tlie  Director  of  the  U.  S.  Goologi^«^ 

Survey.] 

The  fact  that  fossil  plants  of  Tertiary  types  have  been  four^d 
in  strata  of  the  Laramie  Group  associated  with  Dinosauri^Q 
remains  has  been  long  known  and  undisputed,  even  by  thc^se 
who  strongly  contend  foe  the  Cretaceous   age  of  that  groo.n. 
Concerning  the  true  Laramie  age  of  some  of  the  collections    of 
plants,  however,  that  have  been  published   as   coming    from 
strata  which  are  now  known  to  belong   to  that  great  group, 
many  of  those  who  are  interested  in  the  matter  have  felt  sorrio 
doubt,  and  others   have   persistently  discredited   it      In    the 
present  consideration  oi  this  question  I  shall  make  special  ref- 
erence to  those  strata  of  northeastern   Montana  ana  adjacen  l 
parts  of  Dakota,  to  which  Dr.  Hayden  gave  the  name  of  Foir^t 
Union  Group,  and  to  the  large  collection  of  plants  which  he  mad    -e 
from  its  strata.     Descriptions  of  these  plants  were  published  b 
Dr.  J.  S.  Newberry,  in  1868,  in  volume  ix  of  the  Annals  of  th 
New   York  Lyceum  of  Natural  History,   pp.    1-76;  and  hi 
illustrations  of  the  same  were  published   by  Dr.  Hayden,  is^ 
1878,  in  connection  with  the  U.  S.  Geological  Survey  of  th 
Territories.      Dr.  Newberry   then   referred  the  species  of  th— 
plants  in  question  to  the  Miocene  epoch ;  and  while  most 
them  wore  then  new,  he  identified  a  part  of  them  with  know 
European  Miocene  species.     So  distinctly  characteristic  of  t 
Tertiary  period  were  the  types  of  those  plants  generally  admi 
ted  to  be  that  the  assignment  which  Dr.  Newberry  made 
them  has,   I  believe,  never  been  seriously  called  in  questio 
Dr.  Hayden  at  the  same  time  and  from  the  same  localities, 
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lected  many  invertebratie  fossils  which  wore  afterward  described 
by  Mr.  Meek  and  himself;  and  some  years  afterward  Professor 
Cope  obtained   from    the   same    region    numerous   vertebrate 
remains,  among  which  were  those  of  Dinosaurs.     Mr.  Clarence 
King,  accepting  the  eoncluftions  of  Dr.  Newberry  as  to  the 
Miocene  Tertiary  age  of  the  plants  here  referred  to,  and  those 
of  Professor  Cope  as  to  the  Cretaceous  age  of  the  Dinosaurs, 
expressed  the  opinion  that  the  strata  from  which  the  former 
were  obtained  were  distinct  from  those  of  the   latter  and  of 
moch  later  geological  age.     The  following  paragraph  is  quoted 
from  his  volume  I,  of  the  U.  S.  Geological  Survey  of  the  40th 
Parallel,  p.  353 :  '*  The  relations  of  conformity  or  nonconformity 
between  the  plant-bearing  beds  of  Fort  Union,  and  the  Dinosau- 
rian  beds  are  not  given,  and  there  is  reason  to  believe  that  the 
plant  beds  represent  a  horizon  of  the  great  White  River  Mio- 
cene series  which  underlies  the  Pliocene  over  so  large  a  part  of 
the  Great  plains.  *  *  *  *  I  apprehend  that  the  plant-horizon 
at  Fort  Union  will  be  found  to  be  nothing  but  the  northward 
extension  of  the  White  River  Miocene."     My  reason  for  refer- 
ring especially  to  this  statement  of  Mr.  King  is  that  it  occupies 
a   place  in  the  leading  volume  of  one  of  the  larger  series  of 
LT.  S.  Government  geological  publications,  and  it  is  therefore 
(although   he  distinctly  states  that  he  has  never  visited  the 
region  in  question),  liable  to  mislead  those  who  have  not  j)er- 
sonally  studied  the  geology  of  that  region,  if  it  should  pass 
unchallenged. 

During  the  summer  of  1882  I  gave  especial  study  to  the 
theology  of  the  region  about  Fort  Union,  extending  up  the  Yel- 
lowstone Valley,  and  including  all  the  localities  from  which 
Dr.  Hayden  obtained  the  fossil  plants  here  referred  to.  The 
result  of  that  study  has  been  to  ascertain  that  only  one  forma- 
tion, namely,  the  characteristic  Fort  Union  Group,  which  is 
nothing  more  or  less  than  a  part  of  the  great  Laramie  Group, 
occupies  that  whole  region.  That  is,  with  the  exception  of  one 
«jr  two  small  exposures  of  the  Fox  Hills  Cretaceous  Group, 
u  pen  which  the  Laramie  strata  rest  conformably,  no  other  than 
L«aramie  strata  are  to  be  found  there.* 

At  numerous  points  along  the  valleys  of  the  Yellowstone 

and  Missouri,  including  many  of  Dr.    Hayden's  localities,   I 

collecteil  fossil   plants,    shells   and    vertebrate   remains.     The 

molluscan   shells   are    those   which    belong    to    cliaracteristic 

S{)ecies  of  the  Laramie  Group,  examples  of  most  of  which  I 

have  collected  from  its  strata  in  Wvomin;^  and  Colorado,  on 

\)Oth  sides  of  the  Rockv  Mountains.     The  follo\vin<r  is  a  list  of 

^  In  the  last  May  number  of  this  .Touriial  I  g^avi>  an  account  of  :t  small  (k'lMisit 
vhich  I  found  od  the  top  of  a  hutt<>  ahont  100  miles  south  of  Kort  rnion.  whi«"h 
may  ^  of  later  age  than  the  Larauiic  (troup;  but  in  that  (lejHisit  only  a  few  fus- 
aI  ^es  were  found,  and  it  i8  several  hundred  feet  above  the  fossil  plant  horizon. 
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them  as  identified  by  myself,  comparing  them  with  the  ty^  tk 
speciinena  or  other  authentic  examples : 

Unio  jwiscus  Meek  &  Haydeu.  Viviparua  Reynoldnanus  M.  ft  H. 

Unto  senectus  White.  Viviparus  Leidyi  M.  ft  H. 

Corhula  maciri/ormis  M.  &  II.  Viviparus  retusus  M.  ft  H. 

Umumastus  linnof/ojinis  M.  ft  H.  Vivipartu  LUai  M.  ft  H. 
Viviparus  trochi/onnis  M.  ft  II. 

Professor  E.   D.  Cope,    who  has   examined  the   vertebr««.te 


remains  which  I  collected  with  the  foregoing  mollusca,  recog- 
nizes the  former  as  belonging  mostly  to  the  same  species  wLi  oh 
he  had  previously  obtained  from  that  region  ;  and  he  gives  raoe 
the  following  general  determinations  of  them  : 

Dinosaurians,  two  specieB. 

Campsosaurus,  one  species. 

ClieloDians,  three  species.   ( Trionijx^  Emys  and  Clastonienus.) 

Ganoids,  one  species.    ( Clasies.) 

Mr.  Lester  F.  Ward,  who  has  charge  of  the  fossil  plants 
the  U.  S.  Geological  Survey,  and  who  is  making  a  specif 
study  of  those  of  the  Laramie  Group,  has  given. me  a  list  of 
species  which  he  has  identified  to  his  entire  satisfaction  wil 
species  heretofore  published.  The  larger  part  of  these  are  s]  _ 
cies  which  Dr.  Newberry  published,  as  before  mentionec— — - 
From  that  list  I  select  the  fourteen  species  named  below  for  th  ^ 
purpose  of  illustrating  the  subject  of  this  article: 

Partial  list  of  Fossil  Plants  obtained  from  the  Laramie  strata 

OF  THE  Yellowstone  valley.* 

YdloiVfitom-  ralky.  European.  Other  Laramie  UMtUtiti.      ^ 

Equisetum  arcticum  Heer.    Miocene,  Spitzbergen. 

Sequoia  Lanfjadorfii  Heer.  "  "  Black  Buttes,  iSont'rn  Wy.  — 

Phraijmit€8  (Eningensis    A. 

Br.  "         Switzerland.  "  "  " 

GynLJiofjravnna  ffaydenii  Les<ix.    Goldeu  Colorado. 

SjHirgauium  stygiuni,  Heer.        •'  Switzcrrd&Circon'ld. 

Corylua    Americana    Walt, 
(living). 

Corylua   rostrate    Ait.   (liv- 
ing). 

Plaf^nufi  Guillelrtuf  (lopp.  "        Gro(?nland.  [den,  Coloradt^  ^ 

Maynolia  tenuinervis  I^sq'x.  Bl'k   Buttes,  Wy.  and   Go  **^ 

Ela^flendmn  Hel'eiirum 

Heer.  "         Kurope. 

Rhnmnits  Gaudini  Heer.  "  " 

Jnglans  rugosa  Losq'i.  Black  Biittes,  S.  Wyom^g-  '^ 

Juglaus  hilinir.n  V.y\\!:,.  an 

Trapn  mir.rophylla  Lesq'x.  Point  of  Rocks,  b.  Wy. 

Three  important  facts  are  shown  by  this  partial  list  of  th  ^^ 
fossil  phmt.s  from  the  Ijaramie  strata  of  the  Yellowstone  valle^^Tl 

*  Tlic  other  spocit^s  of  plrints  found  n<>^»K'iato<l  wit))  tliew  are,  as  before  state-*"^ 
,if  n'c»^>riii/,t'd  Mioc'L'iM^  types,  hut.  thoy  aiv  oinilU'd  from  this  list  because,  so  far  ^ 
the  phiiits  arc  oonwrned.  reference  is  made  especially  to  specific  classification. 
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First,  two  of  the  species  are  among  the  most  common  living 
North  American  shrubs.     Second,  eight  of  ihem  are  identified 
wi(h  European  Miocene  speciei.     Third,  six  of  them  are  iden- 
tified with  those  which   have  been  found  in  unquestionable 
Laramie  strata  in  Colorado  and  Southern  Wyoming.     Now,  I 
assert  without  hesitation,  that  all  the  plants  from  which  the 
foregoing  list  has  been  made  were  found  in  such  association 
with  the  moUuscan  and   vertebrate  remains   that  have   been 
mentioned  in  this  article  as  to  show  plainly  that  they  all  lived 
contemporaneously.     That  is,    if  all  these   identifications  are 
correct,  as  they  are  believed  to  be,  two  species  of  living  plants, 
eight  species  of  acknowledged  Miocene  plants,  numerous  fresh- 
water mollusks  of  living  types,  and  two  existing  genera  of 
Cbelonians,  all  co-existed  with  Dinosaurs. 

It  is  not  to  be  denied,  if  there  were  any  inducement  to  do  so, 
that  the  Dinosaurian  remains  are  found  toward  the  base  of  the 
Laramie  Group,  in  the  Yellowstone  valley,  and  thfit  the  prin- 
cipal horizon  of  the  fossil  plants  is  somewhat  above  that  of  the 
Dinosaurs  there.     But  all  the  plants  of  the  foregoing  list  have 
been  found  associated  together,  and  some  of  them  also  extend 
below  the  upper  known  limit  there  of  the  Dinosaurs.     Some  of 
the  other  vertebrate  remains  herein  named  are  found  associated 
with  the  Dinosaurs,  and  the  range  of  the  former  extends  up 
into  the  principal  horizon  of  the  plants.     There  is  no  trace  or 
SQggestion  of  a  separation  of  any  of  the  strata  which  contain  all 
these  remains  into  separate  formations,  and  there  is  no  uncon- 
formity whatever  among  those   strata.      Furthermore,  I  have 
found  at  the  Southern  Wyoming  localities  named  in  the  fore- 
going list  of  plitnts,  Dinosaurian  remains  in  layers  above  those 
which  contain  the  plants.     At  least   two  of  the  latter,  be  it 
remembered,    are   identical   with    European   Miocene   species. 
The  specific  identity  of  the  molluscan  and  plant  remains  leaves 
no  possible  room  for  doubt  as  to  the  equivalency  of  the  Fort 
U'nion  strata  of  the  Yellowstone  valley  with  the  typical  Lara- 
Kiic  strata  of  Southern  Wyoming  that  have  been  referred  to. 


A.ET.  XVI. — Notes  on  some  Fossil  Plants  from  Nortliern  China; 

by  J.  S.  Newberry. 

Mr.  Arnold  Hague  recenth-  placed  in  my  hands  a  small 
collection  of  fossil  plants  brought  by  him  from  China.     They 

1>roved  to   be  interesting,  and  with    his  perniission  1  present 
>riefly  the  results  of  my  examination  of  them. 

The  circumstances  under  which  thev  were  found,  so  far  as 
nown,  are  given  in  the  subjoined  notes  of  Mr.  Hague  which 
accompanied  them ; 
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"  This  collection  of  plants  came  from  the  coal  basin  of  the  Pin- 
li8U-hoo,  in  the  southern  peninsula  of  Mantchuria,  on  the  east  side 
of  the  Gulf  of  Liantung,  and  about  one  hundred  miles  northeast 
of  the  open  port  of  Niu-chwang.  I  am  told  that  at  times  there 
are  over  1200  Chinamen  engaged  in  the  district  in  mining  and 
transporting  coal.  This  coal  field  has  long  been  known  to  for- 
eigners through  the  Chinese  as  a  |)ossible  source  of  workable  coal. 
As  long  ago  as  1803  Professor  Punipelly  suggested  that  the  Lian- 
tung  coals  should  be  examined  by  American  or  European  exixjrts 
before  opening  the  mines  at  Cliaitang,  which  he  had  personally 
visited  and  reported  upon  favorably. 

So  far  as  I  know  no  geologist  has  visited  the  district  except 
Baron  v.  lliclithofen,  who  regarded  the  fonnation  as  of  Paleozoic 
age,  although  I  believe  he  found  no  fossils. 

From  my  own  observations  while  traveling  through  the  prov- 
inces of  Clnhte  and  Shansi,  and  from  various  sources  of  informa^ 
tion,  I  believe  by  far  the  greater  part  of  the  coal  basins  of  North. 
China  are  of  Paleozoic  age,  although  the  well-known  distnctfa:^ 
west  and  northwest  of  Pekm  have  been  shown  to  be  of  Mesozoio 
age. 

The  estinmtes  of  the  great  area  aiid  value  of  the  coal  and  iron 
deposits  of  North  China,  whicli  have  been  made  by  Professor 
Punipelly  and  Baron  Richthofen,  are,  T  think,  by  no  means 
unwarranted. 

There  can  be  no  question  but  that  the  coal  and  iron  of  China 
will  prove  to  be  of  immense  value  in  tlie  material  development  of 
the  country  so  soon  as  she  decides  to  adopt  railways  and  foreign 
engineering  methods.'' 

On  unpacking  the  collection  I  discov^ired  that  the  plants 
were  of  Carboniferous  age  and  that  most  of  them  belonged  to 
spO(;ies  common  in  the  rocks  of  Europe  and  North  America. 

Of  the  ten  sj)ecies  wliieli  can  be  distinguished,  one  is  a  I^ncop- 
ten's  too  imperfect  for  determination  (probably  P,  unita  Brgt.), 
and  two  otiiei*s,  a  Lo/fc/ioptcria  and  an  Ardmopttris^  present 
slight  dillerences  from  their  closely -allied  representatives  in 
Europe  and  America.  The  other  seven  are  undistinguishable 
from  wluit  may  l)e  considered  as  the  most  characteristic  plants 
of  our  Coal-measures. 

The  complete  list  of  .species  is  as  r«)llo\vs: 

Anmdai'in  hjiujijitUa  Br<j;t. 
SjtJiMKtjtlti/Uuin  nblont/i/uhuni  ( icrmar. 
Ca  la  III  ite>  Snchj  ii:n  \\  r ;»:  t. 
f\irduiOu<  horasslthlui.s  \]\v^, 
Ltfii'ltjilthdron  ohovdtnm  Stern  1). 
Siqillarlti.  BrnrUil  Brirt. 
Ptcopteris  Cnniha  Brgt. 
/  ^eo  1 1)  tf.  r  us ,  J!  /  /  /  if/i  /  P)  r  u  t. 
ArchaiojUtn\s,  n.  sp.V 
Pondiopteria^  n.  sp.? 
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The  ArchcBopteris  indicates  that  the  coal  with  which  these 
plants  were  associated  belongs  near  the  base  of  the  Coal-meas- 
ures, as  this  genus  does  not  rise  above  that  horizon. 

The  species  of  Lonchoptervi  and  Archceopteris  are  best  repre- 
sented in  the^  collection,  and  the  former  is  very  well  shown. 
In  general  aspect  it  is  not  unlike  the  figures  given  by  Brong- 
'  niart  of  his  L,  rugosa,  (Veg.  Fass.,  p.  368,  tab.  131,  figs.  1,  2,  3), 
but  the  pinnules  are  smaller  and  the  reticulation  much  more 
open.  In  the  latter  respect  it  is  more  like  L,  Banrii  Andr., 
L.  Eschweileriaiuis  Andr.,  and  L.  conjugata  Gcopp.,  sp.  (Neurop- 
teris  conjujaia  Goepp.),  but  it  has  narrower,  more  pointed  and 
carved  pinnules  than  either. 

Should  a  larger  number  of  specimens  show  that  these  are 
constant  characters  it  will  be  necessary  to  regard  this  as  a  new 
species  which  may  be  fittingly  named  after  Mr.  Hague,  Lon- 
diopUris  Hagneaiia.  The  Archceoi^teris  mentioned  is  a  very 
graceful  .and  well-marked  species  of  the  genus,  having  obovate 
or  spatulate  pinnules,  of  which  the  upper  extremities  are  often 
crenulate  or  fimbriate.  It  is  less  robust  than  the  type  forms  of 
A.  Hibeniica  Forbes,  sp.,  and  the  pinnules  are  more  symmetri- 
cal. It  is  about  the  size  of  A.  Jacksoni  Dwn.,  but  has  less 
crowded,  more  elongate,  and  more  regularly  ovate  or  spatulate 
pinnules.  The  nerves  are  fine,  forked  only  near  the  base,  sim- 
ple and  sub-parallel  above.  Possibly  this  may  be,  like  several 
described  species  of  Archcvopteris,  only  a  variety  of  A.  IIibe)'ntca, 
but  the  characters  mentioned  seem  to  separate  it  from  any 
known  form,  and  I  would  suggest  for  it  the  name  Archceopteris 
spahtlata. 

The  first  fossil  plants  brought  from  China  were  collected  by 
I*iX)fessor  Pumpelly,  and  were  described  by  the  writer  in  the 
Smithsonian  Contributions  of  1866.  These  included  two  new 
ferns,  Sphtnopteris  orientalis  N.,  and  Hj/menophi/Uites  tenellus  N., 
-Pecopteris  WhiihyensiSy  found  in  the  Lias  and  Upper  Trias  of 
Europe,  Podozamites  lanceolatus,  a  Liassic  plant  of  the  old 
^vorld,  and  P.  Emmonsi^  which  occurs  in  North  Carolina, 
^11  of  which  seem  to  represent  the  Upper  Trias  or  Lower 
Liaa*     Subsequently  (in    1868),    M.    Ad.    Brongniart  exam- 

*  My  paper  on  the  fossil  plants  collected    by  Professor  Puinpelly  1ms  been 

reviewed  by  Heer  (Juraflora   Ostsibcriens.    p.    17).    and   Sc)n3nk   (Hichihofoirs 

f'hiua,  vol.  iv,  p  264),  with  sonic  8ugi?esii<m8  in  regard  to  their  goiifrio  an<l  8p<?- 

ciflc  relations  which  would   hardly    have  been    made   had   these   distiiignislied 

paleontologists  had  access  to  tbe  specimens  on  whicli  1  based  my  conclusions. 

Having  examined  these  fussils  I  take  occasion  to  offer  lien*  a  few  additional  notes 

\ipoii  tliem. 

SphertopUnis  orientalie  certainly  belonj(S  to  thu  same  genus  with  the  ferns  now 
calle^l  Thyrsapteris  Mnrrayaim  and  Th.  Mwfkuimi  fleer,  the  latter  Ix'ing  sp(M'ilically 
banlly  different  from  it.  HijmeiiophyUHts  tin^llus  N..  has  {inoly-dissect«Ml  pin- 
otiles,  and  is  certainly  distinct.  My  Pofiozmn ifes  lanri-nlntus  Is  that  plant  an<l  not 
a  PhoiHicopsis  as  suggested  by  Ileer.  This  is  sliown  by  its  nervation,  and  by  tiie 
ttct  that  the  pinnules  are  pinnately  set  on  a  rachis  and  arc  not  fascieulaU?  as  in 
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ined  a  collection  of  plants  obtained  from  soutbern  Shar 
and  gave  a  list  of  tnem  in  tbe  Bull,  de  la  Soc  Oeol. 
France^  3d  Series,  vol.  ii,  p.  408.  They  included  soo 
of  the  species  collected  by  rumpelly,  and  were  consider 
by  M.  Brongniart  to  represent  the  Upper  Trias  and  Low 
Jura.  More  recently  Baron  v.  Richthofen  obtained  fossil  plan 
from  various  parts  of  China,  and  these  have  been  described  I 
A.  Schenk  in  vol.  iv  of  Richthofen's  China.  They  repr 
sent  two  distinct  horizons,  one  Carboniferous  and  the  otbt 
Mesozoic.  The  former  were  found  in  the  districts  of  Shan 
and  Hunan.  Here  were  obtained  Pecopteris  cyathea^  P.  unii 
Annular ia  longifolia  Brgt,  A,  maxima  Schenk,  SphenophyUu 
emarginaium  Brgt.,  S,  Schl^Oieimii  Brgt.,  Catamites  gi^ 
Brgt,  etc.  Elsewhere  in  the  provinces  of  Shansi  and  TshI 
Richthofen  obtained  a  group  of  Mesozoic  plants,  among  whic 
M.  Schenk  recognized  Pecopteris  Whitbt/ensis^  Podozamiies  la 
ceolatusy  and  other  species  which  led  him  to  refer  the  stra 
containing  them  to  the  Brown  Jura. 

It  is  known  to  most  geologists  that  the  extensive  coal  basil 
of  India,  from  which  fossil  plants  have  been  described  b 
Oldham  and  Morris  and  Dr.  Feistmantel,  are  all  of  Mesozo 
age.  The  same  is  true  of  the  coals  of  Tonking,  Cochin  Chin; 
from  which  a  considerable  number  of  fossil  plants  have  bee 
obtaineil  by  the  French  expeditions  and  described  by  M.  I 
Zeiler  in  the  Amndcs  des  Aline.%  October,  1882. 

It  would  seem  proven,  therefore,  that  the  coal  basins  ( 
China  (in  which  the  coal  is  very  largely  converted  to  anthracil 
by  local  metarnorphism),  belong  to  two  great  geological  sy 
tems,  one,  as  indicated  by  the  plants  collected  by  Baron  Ricl 
thofen  and  Mr.  Hague,  the  equivalent  of  the  Coal-measures — an 
probably  the  entire  range  of  the  Coal-measures  of  Euroj)e  an 
America — the  hitler  not  yet  capable  of  so  definite  classificatioi 
but  iirobabl}^  referable  to  both  the  Rhrotic  and  Lias. 

The  fossil  plants  brought  by  Mr.  Hague  from  China,  repr 
aenting  as  they  do,  not  only  the  characteristic  genera  of  tl 
Coal-measures  in  Europe  and  America,  but  identical  < 
closely  allied  species,  cannot  fail  to  interest  both  geologists  an 
botanists;  the  first,  by  the  confirmation  they  afford  of  the  cla 
sification  adopted  for  the  stratified  rocks,  based  on  the  fossi 
they  contain ;  the   latter,  from  the  evidence    they  furnish    i 

Phctnicopsis.  Taxite^  spntuhitns  N.  is  the  leaf  of  a  conifer,  and  not  of  a  cycacL  ; 
inf«rrocl  V»y  Ilcer.  If  has  l>iit  a  siiip^lc  nervo.  the  median,  which  i8  strong  ai 
traverHOS  its  entire  lonf^th,  and  lias  a  wedKe-sliai)ed  l>ase  terininatinf^  in  a  8hoi 
Iwiatetl  petiole.  Tlu»  publication  of  ITi'cr's  nnportant  papor  on  the  .lura-flora  < 
EaHtorn  Sil»eria  ha*<  jjiven  sig[iificanco  to  wrt'un  specinions  in  FMrnpelly's  coHo 
tion  and  lias  enabled  rac  to  a<ld  to  the  li«t  ()f  !<i>ecie.s  liaiera  nngustiloba  H« 
(very  near  to  H.  MnnHferiawi)^  Phvrn'^opsiJi  lomji folia  Tloor,  and  ("zekanowski 
riyi'dii  Heer. 
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the  practical  identity  of  the  acrogenous  flora  of  the  Coal  period 
over  so  large  a  portion  of  the  earth's  surface,  atid  the  remark- 
able persistence  which  specific  characters  exhibit  in  the  wide 
range  of  migration  and  the  incalculable  lapse  of  time  through 
which  the  dispersion  was  effected. 

Since  none  of  the  higher  plants  were  in  existence  upon  the 
earth's  surface  during  the  Carboniferous  age,  wherever  a  terres- 
trial flora  prevailed,  it  could  only  be  composed  of  acrogens  and 
gyoinosperms,  but  how  it  happens  that  within  these  limits 
there  was  so  little  diversity  is  incomprehensible.  During  the 
Coal-measure  ef)och  the  same  genera,  and  to  a  large  degree  the 
same  species,  seem  to  have  lived  in  North  America,  Europe, 
Brazil  and  China. 

No  one  who  has  any  acquaintance  with  fossil  plants  would 
fail  to  recognize  at  once  most  of  the  species  in  the  collection 
brought  by  Mr.  Hague ;  but  if  shown  seven  out  of  the  ten  he 
could  not  say  whether  they  came  from  America,   Europe  or 
Asia.     And  yet,  in  the  interval  between  the  deposition  of  the 
Coal-measures  and  the  Triassic  rocks  the  whole  flora  of  the 
S^obe  was  revolutionized.     Before  the  Bunter  was  laid  down 
iepufodcnrfrow,  Sigillaria^  Annularia^  Sphenophyllwn,  CortlaiUs^ 
^nd  indeed  all  the  characteristic  forms  of  the  coal  flora  had  dis- 
appeared.     The  Cycads  in  great  variety,  true  Equiseta,  and 
Peculiar  genera  of  conifers   and   ferns,  gave   new   aspects   to 
'^^^ture,  and  this  again  over  the  whole  world.     From  the  desert 
^      Atacama,   froni    Sonora,   New   Mexico,   North    Carolina, 
-Eiirope,  India  and  China,  we  obtain  the  remains  of  the  unmis- 
^Icable  Mesozoic  flora  with  species  which  are  common  to  all 
^*^ese  widely  separated  localities. 

Hence,  we  are  safe  in  fixing  by  fossil  plants  the  geological 
horizon  of  the  Mesozoic  coal  basins  of  China;  but  the  identity 
^^  species  in  the  Mesozoic  flora,  though  surprising,  is  not  quite 
®o  marked  as  in  that  of  the  Carboniferous  aga 

In  the  Middle  Cretaceous  came  another  great  revolution,  and 

^^le  angiosperms  succeeded  the  gymnosperriis  so  rapidly  that 

t.lie  earth  was  covered   with    oaks,  magnolias,    willows,   etc., 

t^efore  the  Tertiary  began.     Gradually    we  are  gathering  the 

details  of  this  wonderful  history,  and  ultimately  we  shall  be 

able  10  report  \\\q  facts  with  a  good  degree  of  fulness ;  but  the 

oauses  which  inspired  the  revolutions  that  have  taken  place  in 

t)lant  life,  and  the  processes  by  which  these  great  changes  have 

been  effected  seem  to  l>e  as  inscruUible  as  ever. 
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Art.  XVII. — mview  of  DeCandoU^s  Origin  of  Cultivated  Pbn 
with  Annotations   upon    certain   American    Species;    by 
Gray  and  J.  Hammond  Trumbull. 


In  concluding,  after  some  unexpected  delay,  our  o 
tions  u[)on  DeCandoIIe's  UOrigine  des  Plantes  OuUivees^  it  maj^CLj*y 
not  be   improper   to  state  that,  as  we  learn,  the  work  w  ^' 

planned  upon  a  somewhat  larger  scale,  which  was  reduced 
suit  the  requirements  of  the  publisher.     This  accounts  for  the 
omission  of  certain  articles  which  would  otherwise  have  found 
place. 

Part  IU. 


Lt/copersicnrn  esculentunh  Tomato. — We  have  only  to  note  ai 
oversight  in  respect  to  the  Mexican  cultivation  of  the  Male 
Peruviana,  as  it  was  named  by  some  botanists  of  the  16thr:#'*: 
centur3\  DeCandoUe  refers  to  Humboldt's  statement  that  the^^  m 
cultivation  of  this  esculent  was  ancient  in  Mexico,  but  add^.E: 
that  there  is  no  mention  of  it  in  the  earliest  work  on  the  plani 
of  that  country,  viz:  Hernandez,  Historia,  But  Hernandez 
(ed.  1651,  p.  295,  ff)  actually  has  a  chapter  "De  Tomail^  scl-p 
plantii  acinosa  vel  Solano,  and  describes  several  sorts  under  their 
Mexican  names.* 

Persea  gratisffima,  Alligator  Pear  of  the  English,  FAuocato^ 
the  French:  a  singular  corruption   of  a   native  name,  as  Dm^^i 
Candollc  remarks,  which  had  no  more  to  do  with  an  alligator  ^^f 
than   with  a  lawyer.     Our   author  does  not  carry  back   th^     e 
native  Mexican  name  quite  to  its  original,  which  was  Ahttaca        • 
huitlj  corrajHed  by  the  Spaniards  into  Aqtmcate,  Avogade^  ete=^ 
Champlain,  who  saw  it  in  Mexico  in  1599  or  1600,  calls  th^ 

*  I  find  only  one  wriUT  in  the  16tli  century  who  gave  tho  Tomato  a  Dame  indi- 
oatinj^  a  Toruvian  origin — namely,  Angnillarn,  whow  treatise  "De  Simplicibus  ^ 
was  first  printfMj.  in  Italian,  at  Venicje,  15(51.  On  his  authority  the  name  "  P&ma 
rerutu'ana"  is  introdnood.  in  the  R\Tiunymy.  hy  (\  Uauhin,  in  hia  annotations  od 
Matthioli,  ITiUS  (]».  7G1).  and  the  Ihrtua  EyatHlensia  (attributed  to  Besler),  pub* 
liRlu'd  in  n»i:J.  is  ri'forred  to  by  tho  .sarno  wnWv  {Pinax,  1671,  p.  1G7)  as  authority  for 
thf  names,  tw/fr  nlin,  "  Pomu  anioris  fructu  ruhro  Jt  Mala  Peniciana'^     The  Hortut  ] 

Kystttitiisis  is  tho  only  antliority  oittMl  for  "  Mala  IWiniana ''  in  the  work  to  which  -^ 

M.  l)o(-an<]olh'  rofcrs — tin*  Ifustoria  Stirpium,  attributed  to  J.  Bauhin,  but  pub- 
lished long  allt«*r  his  death  (in  ir>51),  with  largo  additions  by  his  son-in-law  Cherler. 
and  hy  Chabra'us  and  (JralTonreid.  riuillaudinus,  of  Padua,  in  a  treatise  *'L>e 
Papyn),"  1572,  named  tlio  "  Tumafle  Arnen'rauorurn,'^  as  a  species  of  Pomtmi 
Amoris  or  Sol'tnfun  pajru'/'-'uin  ;"  and.  parlior.  Matthioli  had  described  it  (Cdmment. 
in  DiiMcor.,  od.  ir>;"»l».  p.  r>:{7)  as  a  "kind  of  Mala  insiina"  [Solanum  melongena], 
which  was  "lM«^iiining  to  \>v  importod  "  into  Italy,  and  which  was  *'popularly 
OftUed  Pomi  <i*i>n/,  that  is.  MnUi  a'i.mi" 

ugiiillara  may  liavo  omifnundod  ilio  Tonnito  with  another  of  the  American 

so.  intio«lnoi'd  at.  about  tlio  sam»'  iktIo*! — the  Thorn  Apple  (Datura  Stra- 

ipni)  whicli  (uiillandinus  (l.'iVJ)  namod  "  Main  /V>f4'/#fwa."  and  the  French 

l\'inmi   tit    /*'/(»M."  J.  H.  T. 
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fruit  ilccototo  and  AcoyaUs;  Voy.  to  the  W.  Indies  [Hakluyt 
Soc,  1859],  p.  28. 

Oviedo  described  "  the  wild  pear-tree  of  the  main  land,"  in 
1626.  It  grew  "  in  the  province  of  Castillo  del  Oro  (Panama), 
^'^  the  sierras  of  Capira  and  the  country  of  the  cacique  of 
J^anaga,"  etc.  In  the  revision  of  his  first  work,  in  1535,  he 
^<ids,  tnat  he  had,  some  years  before,  seen  these  trees  cultivated 
^y  the  Indians  in  Nicaragua  {HisL  gen,  y  nat,,  lib.  ix,  c.  22). 
It  was  still  a  tree  of  "Terra  firma" — not  yet  introduced  into 
^he  Islands.  Glusius  saw  it  in  a  garden  in  Valencia — "said 
to  be  brought  from  America" — thirty-five  years  earlier  than 
the  date  (1601)  mentioned  by  DeCandolle.  He  described 
the  "Persea"  in  the  first  edition  of  his  Historia  rariorum 
i^rpium^  1576  (lib.  i,  c.  2),  published  five  years  after  his 
joamey  in  Spain. 

Pas^^tora. — This  genus  is  wholly  omitted  by  DeCandolle; 
Unaccountably  so,  considering  how  much  Granadi lias  have  been 
cultivated  and  prized  in  tropical  countries.  A  note  on  the 
subject  may  not  be  out  of  place,  as  a  species  was  cultivated  by 
our  own  Indiana 

As  to  early  history  and  aboriginal  nomenclature,  Monardes 

{^De   Stmplicibvs  MediCj  c   66)  says  that  the  Granadilla  was 

apontaneous  in  Peru,  and  that  the  fruit  was  highly  esteemed  by 

^ae  Indians  and  by  the  Spaniards.     Cle^a  de  Leon  {Ohron.  del 

J^erUj  c  28),  about  1550,  saw  it  growing  in  the  valley  of  the 

Bio  Lile,  near  Oali  (now  in  Colombia)  and  in  the  country  about 

Pasto.     The  flower  and  fruit  are  mentioned  by  J.  de  Acosta 

{NdL  and  moral  HisL  of  the  Indtas^  b.  iii,  c.  28) — "  the  fruit 

sweet,  and  too  sweet,  in  the  opinion  of  some."     Lery  (1557-8) 

does  not  appear  to  have  founa  it  in  Brazil,  but  it  waa  common 

there  before  the  middle  of  the  17th  century.     Piso  and  Marc- 

grav  {HisL  NaL  BrasiL^  1648,  pp.  106,  70)  reckon  nine  species  or 

more,  of  which  four  were  cultivated — two,  especially,  for  their 

fruits.     The  Tupi  (Biftzilian)  name  was  Mburucuia  (Montoya, 

1689)  which  Piso  and  Marcgrav,   /.  c,  wrote  Murucuia ;  the 

species  which  was  generally  cultivated  for  its  fruit  was  Mburu- 

cuia-guacu  (L  e.  great  Murucuya).     Father  R  Breton  {Diction. 

Caraibe^  1665)  gives  Merecoya  as  the  Carib  name  of  the  fruit; 

but  this  seems  to  have  been  adopted  from  the  Tupi — ^for  in  that 

laneoage  Mhurucuta  denotes  the  "  fruit  of  a  vine." 

fi  is  remarkable  that  the  Tupi  (and  Carib)  name  went  with 
the  plant  and  its  fruit  to  the  country  of  the  Algonkins,  before 
the  coming  of  Europeans.  One  species  (PassMora  incarnaia) 
was  cultivated  by  the  Indians  of  V  irginia.  "  They  plant  also 
Maracocksj  a  wild  fruit,  like  a  lemon,  which  also  increase  infin- 
itely "  (Capt.  John  Smith,  Gen.  HisLj  p.  29);  and,  again  (p.  25), 
Smith  mentions  the  "fruit  which  the  inhabitants  call  Mara- 

Am.  Joub.  Sol— Third  Sbbibs,  Vol.  XXVI,  No.  152.— August,  1883. 
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cocks — pleasant,  wholesome  fruit*' — among  *' thing  which  are 
naturally  in  Virginia."  Strachey  {Travaue  into  Virginia^  72, 
119)  describes  the  "fruit  called  by  the  natives  a  maraoock^ 
which  the  Indians  plant,"  etc. 

Although  no  longer  planted,  the  fruit  of  the  spontaneous 
plant  is  still  eaten  in  the  southern  Atlantic  States;  and  its 
popular  name,  May-pop^  is  probably  the  last  stage  of  the  Tupi 
original. 

Now  our  Passijiora  inearnata  is  so  like  P.  edulis  (well 
known  in  cultivation),  the  home  of  which  is  in  Brazil,*  that 
botanists  have  been  unable  clearly  to  distinguish  the  two, 
except  by  the  fact  that  ours,  dying  down  to  the  ground  at 
approach  of  winter,  remains  herbaceous.  It  occurs  in  a  rather 
narrow  geographical  range ;  and  Dr.  Masters,  in  his  elaborate 
study  of  the  order  {Trans.  Linn.  Soc,,  xxvii,  641 ;  see  also  Flora 
Brasiliensis\  says  that  "  being  so  far  separate  from  the  remainder 
of  its  allies  of  the  same. subgenus,  [it]  may  be  considered  as  an 
outlier."  Altogether  we  may  infer  that  the  fruit  and  the  name 
were  originally  derived  from  the  same  South  American  source. 

Mitsay  Banana, — The  authdr  concludes,  as  did  Robert  Brown, 
that  Banana  and  Plantain  are  varieties  of  one  species;  also  that 
this  species  is  of  the  Old  World ;  that  in  all  probability  it  was  not 
known  in  the  West  Indies  when  discoverea  by  Columbus;  but 
that  in  respect  to  the  western  side  of  North  America,  there  is  some 
evidence  which  is  not  easily  ruled  out,  especially  the  statement 
of  Garcilasso  that  the  Peruvians  had  the  banana  before  the  con- 
quest, and  of  Stevenson  ("Trav.  in  S.  Amer.")  who  is  said  to 
have  seen  in  the  ancient  Peruvian  tombs  beds  made  of  Banana 
leaves.  This  is  discredited  because  the  author  found  beans  in 
the  same  iombs,  "  et  que  la  f6ve  est  certainement  de  Tancien  mtx  si 
monde."  But  if  Stevenson  wrote  beayiSj  without  doubt  he  meanU^^  ^i 
the  seeds  of  Phaseolus,  not  of  Faba.  It  would  rather  seem 
that  the  Banana,  like  the  Sweet  Potato  and  Cocoa-nut  had  early 
been  transported  over  the  Pacific. 

Phaseoltis  vulgaris^  Kidney  Bean, — Three  weeks  after  his  firs 
landing  in  the  new  world  Columbus  saw,  near  Nuevitas  in 
Cuba,  fields  planted  with  ^^faxones  and  fahaa  very  different 
from  those  of  Spain,"  and  two  days  afterwards,  following  the 
north  coast  of  Cuba,  he  again  found  "  land  well  cultivated  with 
these  fexoes  and  habas  much  unlike  ours."  "  Faxones^^  or 
**  fexoes'^  were — as  Navarretc  notes,  Coke,  i,  200,  208, — "  the 
same  as  frejoles  or  judias,"^  Spanish  names  for  kidney  beans, 
which  the  Portuguese  call  Feijaos.     Oviedo  (1525-86)  speaks  of 

*  Not  Mexico,  althoiigli  indood  said  to  have  l)oon  brought  from  *'  New  Spain " 
to  the  garden  of  the  Famese  palace,  in  Rome,  as  early  aR  1619.     It  is  desoribed, 
ipder  the  nemo  of  Maracot — with  excellent  plates  showing  the  plant,  the  flower, 
'^"^^^  the  fruit — by  Tobias  Aldinus,  in  Rarim\  Plant.  Uorti  /^ornenom  (Ronue,  1625), 
49-59. 
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le  ^^fesoUs^  as  the  Spaniards  call  them,  of  which  there  are 
any  kinds  in  the  [West]  Indias."  These y^^ofe*,  he  says  (lib. 
i,  c  18)  "are  called  by  Y\\w^  fogivoUs :  in  Aragon  we  call  them 
dias^  and  the  seeds  of  those  of  Spain  and  of  this  country  are 
operly  the  same."  The  natives  of  Hispaniola  raise  these 
xoles^  but  they  are  much  more  abundant  on  the  main  land, 
pecially  in  New  Spain  and  Nicaragua.  "I  have,  in  the 
ovince  of  Nagrando  in  Nicaragua,  seen  them  gather  a  hun- 
ed  hanegas  (bushels,  nearly),  of  these  fesoles:  and  they  also, 

that  country  and  other  parts  of  that  coast,  have  many  other 
nils  of  fesoles^  besides  the  common  sort :  some  have  yellow 
eds,  others  spotted,"  etc.  In  another  place  (lib.  xi,  c.  1), 
v^iedo,  mentioning  plants  that  had  been  brought  from  Spain 

BLispanioIa  and  other  parts  .of  America,  "in  the  beginning," 
Lines  "  Fesoles^  called  in  Aragon  Judias^  and  in  my  country 
Castile]  Arvejas  luengas:^^  but  "of  these,  there  is  no  need  of 
-inging  more  seedl,  for  in  this  island  and  on  the  main  many 
iishels  are  harvested  everv  year,  and  in  the  province  of  Nicara- 
aa  they  are  indigenous  (nalurales  de  la  misma  tierra\  and  a 
reat  number  of  bushels  are  produced  yearly  of  these  and  of 
vherfesoUs  of  other  sorts  and  diflferent  colors,"  etc. 

From  this  time  (1536)  onward,  nearly  every  writer  who  men- 
oned  plants  cultivated  by  the  Indians  named,  together  or  in 
lose  connection,  maize,  beans  and  pumpkins.  Reference  to 
3veral  of  these  writers  has  heen  maae  in  our  notes  on  Cucur- 
iicB.  Oabe^a  de  Vaca  found  beans  cultivated  by  the  Indians 
f  Florida  in  1528,  and  again,  near  the  western  limit  of  his 
randerings  (in  New  Mexico  or  Sonora)  in  1635.  De  Soto,  at 
is  landing  in  1539,  found  "fields  of  maize,  beans  and  pump- 
:in8,"  near  Tampa  Bay ;  and  at  Coligoa  (west  of  the  Missis- 
ippi)  "beans  and  pumpkins  were  in  great  plenty;  both  were 
arger  and  better  than  those  of  Spain ;  and  so,  at  other  places, 
m  his  travel  to  the  west  and  north. 

Jacques  Cartier,  the  discoverer  of  the  St.  Lawrence,  on  his 
irst  voyage,  1534,  found  that  the  Indians  near  the  mouth  of 
hat  river  on  the  Bay  of  Gasp6  had  abundance  of  maize,  and 
lad  ^^hei\x\a^{febues)  which  they  name  A&/m,"  or  (as  spelled  in 
;he  vocabulary  printed  with  his  Discours  du  Voyage)  SaJie,* 
The  Bixf  Recii  of  his  second  voyage,  1535-6,  mentions  the  use 
d{  corn  and  beans  by  the  Indians  of  the  St.  Lawrence — "bled 
fe  febues  &  poix^  dasquels  ilz  ont  assez  "  (f.  24). 

Father  Sagard  in  his  History  of  Canada  and  in  the  account 
of  his  journey  to  the  country  of  the  Hurons,  1625,  mentions  the 

*The  language  spoken  by  these  Indians  was  a  dialect  of  the  Huron -Iroquois 
group,  and  we  trace  the  name  aahe  (as  Cartier  caught  it)  in  the  Moliawk  osahe4a 
"ft^eoles'^  of  Bruyas  (Hth  century)  and  the  Ononda^  ouscilikta  and  hdsaheta  "  poix, 
teve "  (Shea's  Onondaga  Dictionary). 
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cultivation  and  use  of  "fezolles"  by  the  Indiana  The  Hurons 
used  in  their  succotash  {neinta/iouy)  ''  a  third  or  a  quarter  part 
of  their  fezoles^  called  ogaressa^^  (Grand  Voyage,  88,  188). 
•  Lescarbot,  1608,  says  that  the  Indians  of  Maine,  like  those 
of  Virginia  and  Florida,  plant  their  corn  in  hills,  "and  between 
the  kernels  of  corn,  they  plant  beans  marked  {fives  riolees)  with 
various  colors,  which  are  very  delicate;  these,  because  they 
are  not  so  high  as  the  corn,  grow  very  well  among  it "  {Ht'sL 
Nouv,  France,  ed.  1612,  p.  885 ;  see  also,  p.  744). 

The  relation  of  the  voyage  of  Captains  Amidas  and  Barlow  to 
Virginia,  1584,  mentions  ^a^c,  melons,  etc.,  at  Roanoke  Island, 
but  does  not  name  beans ;  but  Harriot,  who  accompanied 
them  on  this  voyage,  includes  both  "  Wickonzour^  called  by  us 
Pease,"  and  "  Okindjier,  called  by  us  Beans,"  among  the  pro- 
ductions of  that  country.  Capt.  John  Smith,  who  was  in  Vir- 
ginia in  1607,  and  Strachey,  who  was  there  in  1610,  describe  (in 
nearly  tlie  same  words)  the  Indian  manner  o^planting  com  and 
beans :  ^*  they  plant  also  pease  they  call  assentamens,  which  are 
the  same  they  call  in  Italy  fagioli:  their  beans  are  the  same 
the  Turks  call  garvances,  but  these  they  much  esteem  for  dain- 
ties "  (Smith's  Oen,  HisL^  28 ;  Strachey,  TVav.  in  Virginia^  117). 
Evidently,  these  names  are  confounded.  Oarvance  was  the 
French  name  of  the  Chick  Pea  {Oicer  arietinum),  the  Spanish 
garbanzo ;  and  it  is  not  probable  that  the  "  Turks "  gave  this 
name  to  any  kind  of  beans;  while /a<7t*uoZV  was  the  Italian 
equivalent  of  Latin  phaseoli,  Strachey*8  Virginian  vocabulary 
gives  assentamens  (and  oiasseniamens)  for  "  pease,"  and  peccatoaSy 
peketawes,  for  *' beans." 

It  must  be  remembered  that  at  the  beginning  of  the  17th 
century,  kidney  beans — as  well  as  vetchlings  {Latfiyrus}—weTe 
popularly  regarded  as  a  kind  of  pease,  or  "  peason."  Turner, 
in  his  Names  of  Herhes,  1548,  says  that  ^^Phasiolus,  otherwyse 
called  Dolichosj  may  be  called  in  English  long  peasen  or  faseUes  ; 
.  ...  in  French  phaseoles'^:  and  ^^  Smilax  hortensis,  ....  in 
French,  as  some  wryte  Phaseole  ....  may  be  called  in  Eng- 
lish Kydney  beane,*'  etc.,  {Engl,  Dial.  Sqc.,  ed.  1881,  p.  62,  74). 
Lyte's  Dodoens,  1578,  follows  Turner  for  the  English  names  of 
Phaseolus,  "Kidney  beane  and  Sperage;  of  some  they  are 
called  Faselles,  or  Long  Peason,"  etc.  (p.  474):  his  "common 
Peason "  and  "  middle  Peason "  are  Ervilia  (Ervum  Ervilia 
L.  ?)  and  Pisum  arvense  L. ;  while  P.  sativum  is  distinguished 
as  **  Great  Peason,  Garden  Peason,  and  Branche  Peason,  be- 
cause, as  I  thinke,  they  must  be  holpen  or  stayed  up  with 
branches  "  {id,  476). 

So,  on  the  continent,  the  Spanish  names  for  ^^fesoles^^  was 
^^arvejas  Itiengas^'  (Oviedo)  i.  e.,  Mong  vetches,*  and  the  garden 
pea  (P.  sativum)  was  "  un  corto  genero  de  Arvejas"  (Calepin's 
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Wibn.,  ed.  1616),  a  short  kind  of  vetches.     The  confusion  of 

Q^mes  is  frequent  in  writers  of  the  16th  and  first  half  of  the 

L'STth  centuries,  in  French,  as  well  as  English  and   Spanish. 

JBfagno  sane  labore" — as  Tragus  found — ^^PhasioU^  Orohi^  et 

a,    necnon   Oicer  arietina^   maxime   agrestia,  secernuntur,'' 

irp.  HisL,  1552,  p.  613. 

Champlain  uses  poix  and  j^ves^  interchangeably,  as  names  of 

t^l:M.e  American  Phaseoli     In  Breton's  Dictioiu  Fr.-Garaibe  (1666) 

t^tm^e  Garil  name,  caidoiiana,  stands  for  "pois  de  Br^sil'*  and 

*^     :febae  de  Br&il";   "pois  rouges,  dit  Anglois,  milnpi" ;  and 

'^     IPois,  mancSntV^ — this  being,   probably,  the  (introduced)  P. 

tiuum. 

Sagard  (1624-5)  says  that  the  Hurons  called  the  coarser  part 

their  pounded  maize — after  the  meal  had  been  sifted  from 

—"ilcomto,  c'est  4  dire  Pois  (car  ils  lui  donnent  le  mesme 

m  qu'a  nos  pois);*'  and  in  his  Dictionnaire  Huronne^  he  has 

Pois,  Aeointa^^^  **Fezolles,  Ogaressa  f^  whence  we  infer  that 

VencA  pease  [P.  sativum']  were  already  cultivated  by  or  known 

the  Hurons.     The  Abnakis  of  western  Maine,  in  the  17th 

ntury,  called  pease,  awennootsi-miyiar,  i.  a  "  French  (or  foreign) 

eds.      Tanner,  1880,  gives  as  the  Chippeway  name  of  the 

Wild  pea  vine"   [Phaseolus  diversifolius?]   Anishemin^  i.  a 

Indian  (or,,  native)  seeds.'     In  nearly  all  North  American  lan- 

uages,  the  names  for  kidney-beans  {Phaseoli)  are  of  earlier 

"^mormation  than  those  for  garden  pease.     The  latter  are  usually 

^rmed  on  the  former :  a  g.  Chanta,  tobi,  bean ;  tobi  hullo^  [wild] 

;  iobi  hikint  Uni^  garden  pea  (Byington):  Dakota,  o'^mnicha, 

n  ;  chnnicha  hmiya^ya^  [i.  a  *  round  bean  '],  pea. 

Without  multiplying  citations — we   may  assume   that   the 

'pease"  and  "poix"  which  early  voyagers  found  cultivated  by 

he  American  Indian  were  species  of  Phaseolus — not  Pisum. 

Five  and  twenty  years  before  the  settlement  of  Virginia,  the 
Indians  of  Carolina  and  Florida  had  "  fine  citroiiilles  and  very 
^ood  6«aiw"  (Lescarbot,  Nbuv.  France^  778).     Lawson,  1700- 
1708,  gives  a  more  particular  description  of  the  southern  beans 
cultivated  by  the  Indians :  "  The  Kuiney-Beans^^^  he  says,  "  were 
here  before  the  English  acme,  being  very  plentiful  in  Inaian  corn- 
fields.      "The  Bushel  hean,''  a  spontaneous  growth,  very  flat, 
white,  and  mottled  with  a  purple  figure,  was  trained  on  poles 
[P.  mtiUiflorus?]  :  **  Indian  Botmcevalj  or  Miraculous  Pulse,  so 
called  from  their  long  pods  and  great  increase ;  they  are  very 
good,  and  so  are  the  Bonavies,   Oalavancies  [  =  Oarvances  ?], 
lifantiookeSf  and  abundance  of  other  pulse,  too  tedious  too  men- 
tion, which  we  found  the  Indians  possessed  of  when  first  we  settled 
in  America "  ( Voyage  to  Carolina^  pp.  76,  77). 
In  the  northern  States,  we  find  little  difficulty  in  establishing 
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the  identity  of  Phaseolus  vulgaris  with  the  beans  cultivated  by 
the  Indians  at  the  first  coming  of  Europeans.  These  were, 
from  the  first,  distinguished,  as  ^'  Indian  beans,''  from  the  garden 
beans  {Vicia  Faba)  mtroduced  by  the  English.  In  1609,  Hud- 
son, exploring  the  river  which  bears  his  name,  saw  at  an  Indian 
village — in  the  vicinity  of  Schodac  and  Castleton,  Rensellaer 
county,  N.  Y. — "a  great  quantity  of  maize  or  Indian  com,  and 
beans  of  the  last  year's  growth  "  (Hudson's  Journal,  in  De  Laet^ 
1625,  b.  iii.  ch.  10,  and  Juet's,  in  Purchas :  N,  T.  SisL  Soc^ 
Coll.,  2  Ser.,  i.  300,  325). 

1681-i2.  The  Indians  of  New  Netherland  "make  use  o/ 
French  beans  of  different  colours,  which  they  plant  among  their 
maize. .  .  .  The  maize  stalks  serve,  instead  oi  the  poles  which 
we  use  in  our  Fatherland,  for  the  beans  to  grow  upon  "  (De 
Vries,  Voyages,  transl.  m2  N.  Y.  Hist.  Soc,  iii.  107). 

1653.  Van  der  Donck,  in  his  "  Description  of  the  New  Neth- 
erlands," distinguishes  the  beans  cultivated  by  the  Indians 
before  the  coming  of  the  Dutch,  and  the  Turkish  beans  which 
had  been  introduced:  "Of  Beans  there  are  several  kinds;  but 
the  large  Windsor  bean  [Vicia  Faba"]  . .  .  and  the  horse  bean 
will  not  fill  out  their  pods.  .  .  .  The  Turkish  beans  which  our 
people  have  introduced  there  grow  wonderfully.  .  .  .  Before  the 
arrival  of  tfie  Netherlaiiders  [1614]  iJie  Indians  raised  beans  of 
various  kinds  and  colours,  but  generally  too  coarse  to  be  eaten 
green  or  to  be  pickled,  except  the  blue  sort,  which  are  abundant," 
etc.  He  then  describes  the  Indian  mode  of  planting  beans 
with  maize,  ut  supra  {N,  Y,  Hist  Soc,  OolL,  2  Ser.,  i.  188-9). 
This  is  the  only  reference  we  have  found  to  the  introUuction  of 
any  species  of  Phaseolus,  into  North  America,  Van  der  Donck's 
book  was  written  more  than  forty  years  after  Hudson's  coming, 
and  the  author  first  arrived  in  New  Netherland  in  1642.  His 
statement  as  to  the  introduction  by  the  Dutch  of  the  best  kind 
of  "Turkish  beans"  for  "snaps,"  salad,  or  pickling,  is  not  to 
be  accepted  without  reserve;  but  the  fact  that  Turkish  beans 
"grow  wonderfully,  fill  out  remarkably  well,  and  are  much 
cultivated,''  while  the  imported  Windsor  beans  [Vicia  Faba] 
and  horse-beans  proved  failures  is  to  be  noted. 

Wood,  who  was  in  Massachusetts  from  1629  to  1638,  says 
that  the  Indians,  "  in  winter-time  have  all  manner  of  fowles, 
Indian  beanes^  and  clams  "  (iV.  E,  Prospect,  pt  2,  ch.  6).  Roger 
Williams,  1643,  gives  the  Indian  name  of  these  beans,  in  the 
Narragan set  dialect :  Manusqussed-ash  {plural) ;  Cotton's  Massa- 
chusetts vocabulary  (1727-8)  has  (sing.)  ^^  Monasquisset,  an  In- 
dian bean  ;"  President  Stiles,  about  1760,  heard  the  name  in  tha 
Pequot  dialect  as  Alushquissedes  (MS.  Vocab.) ;  Zeisberger,  177tf 
and  1803,  wrote  it  in  the  Delaware,  with  dialectic  modification, 
Malachxit;  and  we  can  trace  it  in  the  modern  Shyenne  Monisk 
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(Sajden's  Vocab.,  1862)  and  Monchka.  In  the  Chippeway,  the 
tidney-bean  has  received — probably  from  some  local  variety — 
*  different  name :  Miskodissimin,  i.  e.  *  red-dyed  seed  (or  fruit) ;" 
*Dd  this  name,  modified  as  Mskochhtha^  was  used  by  the 
Shawanoes  of  Ohio. 

To  return  to  New  England,  Josselyn,  who  was  in  this 
oountry,  1688-9,  and  again,  1663-71,  in  his  catalogue  of 
**  plants  proper  to  the  country,  names  '^Indian  Beans,  falsely 
called  jPVcncA  beans :"  **  the  herbalists  call  them  kidney-beans, 
from  their  shape  and  eflfects.  .  .  .  They  are  variegated  much  [in 
size  and  colour] ;  besides  your  Bonivis  and  Galavances,  and  the 
kidney-bean  that  is  proper  to  Roanoke:  but  these  are  brought 
i  nto  the  country :  the  others  are  natural  to  the  climate  "  (iV.  E, 
Jiarities,  p.  56;  Voyages,  p.  73-4).  Here  is  reference  to  at  least 
t-u^o  species  of  American  beans,  one  **  proper  to  New  England," 
"the  other  from  Boanoke — perhaps  P.  multiflorus, 

Sesides  the  names  already  mentioned — M&aasquisset,  with  its 
ariants — there  is  another,  in  northern  Algonkin  languages,  for 
idney-beans,  which  must  have  originally  belonged  to  some 
tunning  variety.  Eliot  used  it,  in  the  plural,  for  "beans" 
n  2  Samuel,  xvii.  28,  tuppuhquam-ash"  which  literally  signifies 
*  twiners ;'  and  Rasles  (1691-1700)  gave,  in  the  Kennebec- Abnaki 
of  Maine,  for  **fas6ole,  c^tebctkwe — from  the  same  root  A 
xmodern  Abnaki  vocabulary  shows  that  this  name  is  still  in  use 

as  ^^  ad'ba-kwa.^^ 

As  to  the  American  origin  of  P,  lunatus,  the  Lima  bean  and 

its   varieties,  there  seems  now  to  be  no  question.     "  It  is  evi- 

<3ently,"  says  M.  DeCandolle  (p.  276),   "a  Brazilian  species, 

dispersed  by  -cultivation,  and  perhaps   long  ago  naturalized, 

liere  and  there,  in  tropical  America." 

But  as  to  the  origin  of  P.  vulgaris  he  is  not  free  from  doubt. 

He  finds  "(l)that  this  species  was  not  cultivated  in  ancient 

t^imes  in  the  East  Indies,  the  southwest  of  Asia,  or  Egypt; 

^2)  that  we  are  not  absolutely  certain  that  it  was  known  in 

Europe  before  the  discovery  oi  America;  (3)  that  at  that  epoch 

the  number  of  varieties  suddenly  increased  in   the  gardens 

of  Europe,  and  all  authors  began  to  speak  of  it ;  (4)  that  the 

majority  of  species  of  this  genus  are  found  in  South  America; 

and  (6)  that  seeds  which  apparently  belong  to  this  species  have 

been  found  in  Peruvian  tombs  [at  Ancon]  of  a  date  somewhat 

uncertain,  mixed  with  many  other  species,  all  of  which   are 

American  "  (p.  275J. 

The  proof  that  P.  vulgaris  (and  P.  nanus),  in  varieties  almost 

innumerable,  were  cultivated  by  the  natives  of  America,  before 

the  coming  of  Europeans,  seems  to  be  conclusive.     The  resolu- 

tion  of  M.  de  Candolle's  doubts  as  to  the  American  origin  of 

thG  species  must  depend,  chiefly,  on  the  identification  of  the 

8p0ciea  known  as  Phaseoli  {Phaseli^  J^agiuoli,  Fesoles,  etc.),  in 
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Eorope,  hejore  the  discover;  of  America.  This  identiflcatioiL 
may  not  be  impoasible,  but  the  space  at  our  disposal  will  iio^= 
permit  us  to  attempt  it  in  this  article,  or  even  lo  re-ezamin^^ 
the  authorities  on  which  M.  de  Candolle  admits  the  probability — 
"  that  the  Dolichos  of  Theophrastus  was  oar  pole  beaa  {iuu-iaj^m 
a  Tames),  and  the  Fasiolos  our  cultivated  bush  bean  ijiarieol^ 
nain  "),  p.  271.  At  present,  we  have  onlj  to  offer  one  or  twoiK 
notes — 

1.  The  distinction  indicated  by  Galen  {de  AUmentis,  lib.  i^ 
cc.  25,  28),  between  the  Pkaaiolos  {aaaioXocV  of  Dioscorides  andE 
Pkaselus  {ipdmihii;) — presumably  tne  "  vilts  faaeloa"  of  VirgiK 
— if  well  founded,  seems  lo  have  been  lost  sight  of  in  tbe  mid- 
dle ages.     In  Italy,  the  Greek  and  Latin  names  Phanolotf  Fat—  t 
eolus,  Faxlus,  Fasikus,  etc.,  passed  into  the  modem  Fagivoli,  -a 
Piero  de'  Crescenzi,  of  Bologna,  whoB^M 
treatise  on  agriculture  was  writteo  nea^E 
the  begirmiug  of  the  I4th  oentary,  irra 
Latin,  and  translated  into  Italian  abonr 
1350,  mentions,   among   field    plants  ^ 
Faseoli   {Fagiuoli),   as    well    kBOwn 
"some  of  them  are  red,  some  whitest 
....  They  are  planted,  conveniently 
among  panick,  millet  and  chick  peases 
tbej  are  also  planted  in  gardens,  amon^Bj 
cabbages  and  onions."*    It  is  not  oer — 
tain  that  the  red  and  the  white  wer^s 
of  the  same  species,  or  genus,  or  thaC= 
either  was  a  species  of  Phaaeolua  L__ 
In  the  first  half  of  the  16th  century — 
the  white  Phaseoli  were  the  more  com — 
mon  and  less  esteemed.     The  youn^ 
and  tender  pods  were  eaten,  with  the  included  seeds,  in  salads, 
or  boiled  with  other  vegetables. 

Two  other  early  figures  show  that  the  Faseoli  were  not  so 
"  well  known  "  to  the  herbalists  of  the  15lh  and  beginning  of 
the  16lh  century  as  to  Crescenzi  in  the  14th.  One  (fig.  2)  is 
from  a  Venice  edition  of  the  Hortw  Saniutis,  1511  ;  the  other 
(fig.  3)  from  the  Tacaini  Sanitalis  of  "Elluchaaem  Elimithar," 
Strasburg,  1531,  p.  49.  They  are  equally  unlike  the  modem 
Phaseolua,  the  eanier  figure  in  Crescenzi,  and  each  other.     Fig. 

"  Ih  Agricullara,  lib.  iii,  c,  10  {rtalUD,  Kd.  Venice,  1604).     TLb  latin  t«il  wm 

It  prinWd  at  Straeburft,  in  117 1,  and  wilh  fi^ira.  1488;  the  Italiu  veraioD  wm 

printed  at  Florence,  UIB.     The  Sgure  Ifig,  1)  of  Faseolas  in  the  omrlieBt  (ht6a) 

•dltioa  we  hare  Been,  without  date,  but  prolably  of  Louvain,  about  1480,  hat 

tie  Tesemblance  to  the  PhaseAus  of  modem  botany. 
,     IL  de  Candolle  romHrkM  (p.  272)  that  ■'aiiihoraof  the  15th  centuiywy  nothing 
<f  Ibtaotiu,  or  any  analogouB  imine,"  and  thnt  "this  is  the  case  with  P.  Cna- 
oenii," — referriDg  to  a  Freacli  translatioQ  of  Creacen^i,  printed  in  I&39,  which  w* 
b»e  not  Been. 
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S  may  bare  origiDally  been  intended  for  a  Teasel  {Dipsacus 
sylveatrit)  the  Virga  paatoria  of  the  herbalists.  Calepin's  Dic- 
tionary (ed.  1616)  saya,  s.  v.  Faaeolua,  that  the  name  Fasilli  \b 
now  given  by  the  common  people,  to  "a  species  of  Ouxrcula." 


This  "  vnlgaris  Phaseolus "  of  Matthioli*  and  other  Italian 
botanists  of  the  period,  is  figured  and  described  in  the  later  edi- 
tioDS  of  his  commentary  on  Dioscorides,!  as  having  an  erect 
stem,  ternate  leaves,  white  flowers,  kidney-shaped  seeds,  white, 
'*  except  the  umbiliois,  which  grows  black."  It  may  be  worth 
DOtiog  that  "  a  black  spot  in  the  place  of  the  cotyledon  "  was  a 
cluracteristic  of  the  Faseoli  described  by  Albertus  Magnus 
f  1.3th  centA  which  appears  to  M.  de  Gandolle  "  to  be  the  dwarf 
iliricot  (^P.  nantu)  of  our  epoch."  This  black  spot  is  more 
strongly  suggestive  of  Dolichos  than  of  any  known  variety  of 
^.  vQgaria :  e.  g.,  Dolichos  unguiculalus  L.  (French,  D.  Mongelte, 
Jiaette,  Haricot  comille) — not  mentioned  by  M.  de  Gandolle, 
bnt  much  cultivated  in  Italy,  and  of  which  there  are  a  great 
number  of  varieties — which  has  seeds  "marked  by  a  prominent 
black  spot,  about  the  umbilicus,"! 

2.  M.  de  Candolle  (p.  272),  with  a  reference  to  Delile  and  to 
Fiddington's  Index,  remarks  that  though  "no  Hebrew  name 
coireeponding  to  the  Dolichos  or  Phaseolus  of  the  botanists  "  is 
known,  yet  "a  name  less  ancient,  because  it  is  Arabic,  namely 
Laubia,  is  found   itt  Egypt  for  the  Dolichos   Liibia ;    and   in 

*  "Vulgaras  Phaseoli,  quibus  ptutstm  in  cibis  Tsscimur,  itum  salia  in  campis 
Tinat,  Hon  repoot,"  etc.,  UaOh.  Apologia  adv.  Atnathum,  I5&9,  p.  33  ;  "  Vulgaril 
rain  PliMeoIns."  Ibid.  31. 

t  £1  C.  Banhin,  169S,  p.  341.     In  tbe  earlier  editioD  <  Venice.  1559.  p.  264X 
Fhateotut  a  figured  as  a  low,  biishj  and  spreading,  but  not  twioing  ptant. 
I  t  ^'eral  other  gpedea  oE  Dolichos  (e.  g.,  D.  Ksquipedalia   L.,  llal.   Fagiuota 

I  9paragio,  Engl.  Agparagus  beati)  are  simtlarlj  marked.  Vilmorin-Andrieui  et 
I  17*,  La  Plankt  Potagh-a,  1HH3,  p.  2K0.  Other  namea  for  this  apeciea  are: 
I  "Oarn.  Oitiodiictie  Biesel-Spargel  Bohne,  Nageliscbe  Fagel;  Itai.  Fagiuolo  dell' 
I     Mchici ;  i^Nin.  Gamibii,  Moncheta,  Judia  de  Careta." 
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Hindustani,    under   the   form    Loba,   for   Pkaseoltis   vulgaris" 
This  name  seems  to  be  clearly  referable  to  the  Greek.     It  has 
not  been  traced  earlier  than  to  Jahia  ebn  Serapion — ^an  Ara- 
bian physician  of  the  9th  or  10th  century — whose  work  "de 
Simplicibus"  compiled  chiefly   from  Dioscorides   and   Gulen, 
was  translated  into  Latin  in  the  15th  century.*    In  a  chapter 
(Ixxxi)  on  "ZuJwi,  i.e.,  Faseoli,"  he  quotes  from  Dioscorides, 
the  description  of  Smilax  hortensis  {xfptaia  afjihx^  *'  whose  seeds 
some  call  Labia  'V  and  it  is  evident  that  the  name  Lvbia  (as  it 
was  transliterated  from. the  Arabic  text  by  the  translator)  was 
transferred  to  the  Arabic  from  the  Greek  of  Dioscoridea     It  is 
probable,  to  say  the  least,  that  it  has  been  rightly  appropriated 
to  Dolichos  Liibia  Forskal  (De  Candolle,  278),  rather  than  to 
any  species  of  Phaseolus. 

The  length  to  which  our  annotations  have  extended  forbids 
all  notice  of  the  third  part  of  this  book.     This,  however,  is  very 
brief.     It  contains  a  tabulation  of  the  plants  of  cultivation,  and 
of  the  results  of  the  preceding  discussion  of  them ;  also  an  article 
on  the  regions  in  which  the  principal  species  have  originated  or 
have  been  brought  into  cultivation,  in  which  it  is  stated  that  of 
the  247  species  under  investigation  the  Old  World  has  furnished 
199,  and  America  45,  leaving  three  which  are  doubtful  in  this 
regard ;  and  the  extreme  poverty  of  the  southern  hemisphere 
beyond  the  tropics  is  a  striking  feature.     An  article  on  the 
number  and  nature  of  species  cultivated  at  diflerent  periods  is 
noteworthy.      So,  also,  is  the  enumeration  of  the  cultivated 
plants  which  are  unknown  in  a  wild  state ;  from  which  it  is 
gathered  that  27  species  have  never  been  found  wild  by  any 
botanist,  27  more  are  doubtful  in  this  respect,  while  193  are  of 
recognizable  origin. 

Of  the  "Reflexions  di verses,"  at  the  close,  we  note  only  the 
final  one,  that  **In  the  history  of  cultivated  plants,  I  have 
found  no  indication  of  communications  between  the  inhabitants 
of  the  Old  and  New  World  anterior  to  the  discovery  of  America 
by  Columbus.  The  Scandinavians,  who  had  carried  their 
expeditions  to  the  northern  United  States,  and  the  Basques  of 
the  Middle  AgeS;  who  had  extended  their  whaling  voyages  per- 
haps to  America,  would  appear  not  to  have  transix)rted  a  single 
cultivated  species.  The  Gulf-stream  has  equally  been  without 
effect.  Between  America  and  Asia  two  transportations  may 
have  been  eftected.  one  by  man  (the  Batatas),  tlie  other  either 
by  man  or  bv  the  sea  (Cocoa-nut)." 

Perhaps  the  Banana  should  be  ranked  with  the  Sweet 
Potato  in  this  reganl.  And  we  may  merely  conjecture  that 
the  Purslain  came  to  our  eastern  coast  with  the  Scandinavians 
or  the  Basques. 

^  MiUn.  1473.  and  Venice.  1479;  but  better  known  to  boUnista  of  the  16th 
ceDtuTT  in  the  Strasburp  edition  of  1531,  edited  bj  Otho  Bninfels. 


O,  C.  Mhreh — Foot^frinta  in  Ifevada. 


A.BT.  XVIII. — (hi  the  iSupposed  Huititin  Foot-prii-ls  recently  found 
in  Nevada;  by  O.  C.  Maksii.* 

During  the  past  summer,  various  accounts  have  been  pub- 
lished of  the  discovery  of  human  foot-prints  in  sandstone  near 
Carsoii,  Nevada.     The  locality   is  in   the  yard   of  the  Stale 

Erison,  and  the  tracks  were  uncovered  in  quarrying  stone  for 
uilding  purposes.  Many  different  tinds  of  tracKs  were  found, 
some  of  which  were  made  by  an  animal  allied  to  tlie  elephant; 
some  resembled  those  of  the  horse  and  the  deer;  others  were 
apparently  made  by  a  wolf.  There  were  also  tracks  made  by 
large  birda 


Figure  2. — Left  foot-print  at  Carson  (after  UarknuHH).    One-Bixtli 


The  foot-prints  occur  in  series,  and  are  all  nearly  in  the  same 
borizon.  Some  of  the  smaller  tracks  are  sharjt  and  distinct, 
bat  most  of  the  impressions  are  indefinite  in  outline,  owing 
apparently  to  the  fact  thai  the  exact  surface  on  which  they 
were  made  is  not  usually  exposed. 
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The  supposed  human  foot-prints  are  in  six  series,  each  with 
alternate  right  and  left  tracks.  The  stride  is  from  two  and 
one-half  to  over  three  feet  in  extent.  The  individual  foot- 
prints are  from  eighteen  to  twenty  inches  in  length,  and  about 
eight  inches  wide.  The  distance  between  the  line  of  right 
hand  and  left  hand  tracks,  or  the  straddle,  is  eighteen  to  nine- 
teen inches. 

The  form  and  general  appearance  of  the  supposed  human 
tracks  is  shown  in  figure  2,  which  is  a  reduced  cop^  of  one  of 
the  impressions  represented  by  Dr.  W.  H.  Harkness,  m  his  paper 
before  the  California  Academy  of  Sciences,  August  7th,  188i 
The  shaded  portion  was  restored  by  him  from  other  foot-prints 
of  the  series.  A  copy  of  this  impression  was  given,  also,  bj 
Professor  Joseph  LeConte,  in  his  paper  before  the  same  society, 
August  27th,  1882. 

The  size  of  these  foot-prints,  and  especially  the  width  be- 
tween the  right  and  left  series  are  strong  evidence  that  thej   ' 
were  not  made  by  men,  as  has  been  so  generally  supposed. 

A  more  probable  explanation  is  that  the  impressions  are  the 
tracks  of  a  large  Sloth,  either  Mylodon  or  Morotheriutn^  re- 
mains of  which  nave  been  found  in  essentially  the  same  hori- 
zon. In  support  of  this  view  it  may  be  said  that  the  foot- 
prints are  almost  exactly  what  these  animals  would  make,  if 
the  hind  feet  covered  the  impressions  of  those  in  front  Iq 
size,  in  stride,  and  in  width  between  the  right  and  left  series  of 
impressions,  the  foot-prints  agree  closely  with  what  we  should 
expect  Mylodon  or  Morotherium  to  make.  In  figure  1,  the  bones 
of  the  left  hind  foot  of  a  species  of  Mylodon  are  represented,  the 
figure  being  reduced  to  the  same  scale  as  the  accompanying 
cut,  figure  2,  of  one  of  the  supposed  human  foot-prints. 

The  geological  horizon  of  these  interesting  foot-prints  is  near 
the  junction  of  the  Pliocene  and  Quaternary.     The  evidence, 
at  present,   appears  to  point  to  the  Equus  beds  of  the  upper    ' 
Pliocene  as  the  nearest  equivalent. 

Since  the  above  communication  was  read,  the  writer  has  had  ; 
an  opportunity  of  examining  photographs  and  casts  of  the 
Carson  foot-prints,  and  is  confirmed  in  his  opinion  that  the 
supposed  human  tracks  were  made  by  large  Edentates.  The 
important  fact  has  recently  been  determined  that  some  of  these 
tracks  show  impressions  of  the  fore  feet  The  latter  are  some- 
what outside  of  the  large  foot-print.*»,  as  would  naturally  be  the 
case,  if  the  animal  changed  its  course. 


Clh£mistry  a/nd  Physics.  141 

SCIENTIFIC     INTELLIGENCE. 
I.  Chemistry  and  Physics. 

1.  Contributions  from  the  Chemical  Laboratory  of  Harvard 
^dUege  during  the  Academical  Year  1882-83. — Professor  C. 
iOBiNO  Jackson  and  Mr.  A.  E.  Mbnke  in  continuation  of  their 
rork  on  turmeric  have  prepared  the  mono  and  di  acetcurcumin, 
od  shown  that  the  rich  purple  substance  formed  by  the  action 
f  phosphoric  oxjchloride  on  curcumin  has  a  composition  which 
iffers  at  most  but  very  slightly  from  curcumin  and  is  probably 
1  anhydride  formed  by  removing  one  molecule  of  water  from 
ro  of  curcumin.  By  oxidizing  turmerol  with  a  solution  of 
^tassic  permanganate  they  have  obtained  two  acids,  C^H^^O, 
id  a  second  a  melting  at  221°  C.  which  has  probably  the  compo- 
tion  C,jH,,0^.  The  first  of  these  acids  throws  some  light  on  the 
osition  of  the  hy  droxyl  group  in  the  molecule  of  turmerol. 

Professor  Jackson  and  nis  assistant  have  also  studied  the  action 
f  phosphorous  chloride  on  aniline  and  have  shown  that  the  pro- 
net  first  formed  is  probably  C^^NHPCl,,  although  they  have  not 
Qcceeded  in  isolating  this  body.  Upon  heating  the  crude  pro- 
luct  a  material  was  obtained  which  yielded  on  treatment  with 
Icohol  (C^jNH),POH.  This  last  substance  has  been  studied 
isrefally  and  its  composition  indicates  that  the  intermediate  pro- 
luct  was  (C,H,NH),PC1. 

An  investigation  of  the  constitution  of  camphor  undertaken  by 
be  same  chemists  failed  so  far  as  its  main  object  was  concemedf, 
>iit  it  led  them  to  a  method  of  preparing  bomeol  from  camphor 
Dnch  simpler,  easier  and  giving  a  larger  yield  than  either  of 
hose  now  in  use.  This  method  consists  in  dissolving  camphor 
n  common  alcohol  and  adding  sodium.  One  crystallization  from 
ileohol  is  sufficient  to  give  pure  bomeol,  and  the  yield  is  essen* 
'itlly  that  demanded  by  theory. 

Professor  Jackson  and  Mr.  G.  T.  Hartshorn  have  studied  the 
inlphur  derivatives  of  parabrombenzyl,  including  the  sulphide, 
mlphone,  mercaptan,  mercaptide  and  disulphide  of  this  radical ; 
Ui  well  as  the  potassium,  calcium,  barium  and  lead  salts  of  the 
^nresponding  sulpho-acid  and  also  the  chloride  of  its  radical. 
)eBcnptions  and  analyses  of  these  several  products  will  be  found 
Q  a  paper  recently  published  by  these  authors  in  the  Proceedings 
f  the  American  Academy  of  Arts  and  Sciences. 

In  order  to  obtain  data  for  determining  the  constitution  of  pyro- 
racic  acid.  Professor  H.  B.  Hill  has  begun  the  study  of  its  sub- 
itatidn  products.  Thus  far  he  has  examined  only  a  monobrom- 
fromucic  acid  melting  at  184**-186**  C.  While  under  certain 
»nditions  oxidizing*  agents,  such  as  nitric  acid  or  bromine 
Bter,  convert  this  substance  into  fumaric  and  carbonic  acids,  it 
so  appears  that  under  slightly  different  conditions  the  action 

bromine  leads  to  the  formation  of  dibromsuccinic  acid  and 
K^ibromsuccinic  acid,  besides  a  neutral  body,  dibromfurfuran- 
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tetrabromide,  which  when  treated  with  the  alcoholic  potaeh  givei 
tetrabromfarfnran.  This  resalt  is  especially  interesting  be^ott 
these  two  last  bodies  are  derivatives  of  Limpricht's  so-called 
tetraphenol. 

Professor  Hill  with  Mr.  K  K.  Stkvens  has  also  stadied  the 
action  of  alkalies  upon  roneobroroic  acid.  Professor  Hill,  in  con- 
nection with  Mr.  O.  R.  Jackson,  had  previously  found  that  a  Ufp 
excess  of  an  alkaline  hydrate  decomposed  roucobromic  acid  intc 
formic  and  dibromacrylic  acids,  the  last  passing  also  into  brom 
propiolic  acid.  Quite  a  different  reaction  ensues  if  care  is  takei 
to  keep  the  solution  barely  alkaline.  There  is  then  formed  tlu 
salt  of  a  dibasic  acid,  which  is  so  unstable  that  it  cannot  be  tso 
lated.  Tlie  analyses  of  i^s  salts  show  that  this  acid  is  formec 
from  mucobromic  acid  by  the  replacement  of  Br  by  OH,  and 
it  is  therefore  isomeric  with  brommaleic  acid.  Both  the  free 
acid  and  its  salts  give  a  deep  purple  red  coloration  with  ferric 
chloride  and  reduce  argentic  oxide  when  warmed  in  contact 
with  this  reagent.  Bromine  water  at  100°  C  gives  oxalic  add 
and  bromal  hydrate.  Alkalies  in  the  cold  produce  no  farthei 
change,  but  on  boiling  oxalic  and  carbonic  acids  are  formed. 
Professor  Hill  and  Mr.  Stevens  do  not  feel  warranted  at  present 
in  giving  a  definite  structure  formula  to  the  new  acid.  Tbej 
have  tried  without  success  to  obtain  an  analogous  product  by 
using  sodic  ethylate.  Potassic  phenylate,  however,  reacts  readily 
on  mucobromic  acid,  and  replaces  bromine  by  the  phenoxy  groap. 
J^ut  this  phenoxy  compound  shows  more  analogy  to  mucobromic 
acid  itself  than  to  the  hydroxyl  derivative  just  described.  With 
alkalies  it  is  converted  into  formic  acid  and  phenoxybroraacrylic 
acid.  This  last  acid  shows  great  stability  and  the  circumstance 
that  the  Br  atoms  can  neither  be  replaced  or  split  off  as  HBr, 
indicates  its  constitution. 

Professor  Hill  and  Mr.  Mobbis  Loeb  have  made  from  mucochlo- 
ric  acid  the  corresponding  phenoxychloracrylic  acid. 

Dr.  C.  F.  Mabkby  obtained  y  dichlordibrompropionic  acid  by 
the  addition  of  chlorine  to  ft  dibromacrylic  acid.  By  the  action  of 
a  solution  of  baric  hydrate,  the  elements  of  hydrobromic  acid  wer« 
eliminated  from  the  y  acid  and  a  dichlordibromacrylic  acid  wai 
formed.  Two  other  dichlordibromacrylic  acids  were  prepared  bj 
the  action  of  baric  hydrate  on  the  a  and  fi  dichlordibrompropi 
onic  acids  respectively.  By  the  addition  of  chlorine  to  brompro 
piolic  acid  a  bromletraehlorpropionic  acid  was  formed.  Chic 
rine  was  also  taken  up  by  chlorbromacrylic  acid ;  and  from  tb 
resulting  trichlorbrompropionic  acid,  baric  hydrate  abstracte 
the  elements  of  hydrobromic  acid,  forming  trichloracrylic  aci( 
With  chloride  of  bromine  iiii  addition-product  of  brompropioli 
ACid  was  obtained,  a  solution  of  l)romproj)iolic  acid  in  chlorofon 
Abiorbing  chloride  of  bromine  to  nearly  the  extent  required  b 
lihcory.     In   onler  lo   determine   the  structure  of  the    resultin 

lordil»roinacrylic  acid  the  elements  of  hydrobromic  acid  wei 
moved    from    the    chlortribrompropionic    acid   by   the   actic 
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of  baric  hydrate ;  but  whether  the  chlordibromacrylic  acid  thus 
obtained  is  identical  or  isomeric  with  the  other  remains  to  be 
determined.  The  study  of  the  acids  thus  obtained  by  Dr.  Ma- 
bery  is  still  in  progress. 

Dr.  L.  P.  KiNNTCUTT  and  Mr.  G.  M.  Palmer  have  studied  the 
5  phenyltribrompropionic  acid.  This  acid  was  obtained  by  the 
idaition  of  dry  bromine  to  the  fi  bromcinnamic  acid  (melting 
)oiDt  120°  C.)  The  substance  is  soluble  in  alcohol,  ether  and  chlo- 
xyforrn.  By  recrystallization  from  chloroform  it  can  be  easily 
)iirified,  and  when  so  obtained  melts  at  151°  C.)  It  is  decomposed 
)y  boiling  water,  giving  the  a  bromcinnamic  acid  (melting  point 
IS2**C.)  ;  together  with  a  new  acid,  very  soluble  in  water  and 
nelting  at  184°  C,  which  is  beyond  doubt  a  phenyldibromlactic 
und,  and  an  oil  which  boils  with  slight  decomposition  at  253°- 
156°  C.  This  oil  is  a  dibromstyrol  which  when  exposed  to  bro- 
nine  vapor  forms  an  addition-product.  This  addition-product, 
itaelf  a  very  thick  oil,  is  probably  a  tetrabromstyrol,  and  we  ex- 
pect that  the  study  of  the  products  formed  when  this  last  body 
IB  treated  with  boiling  water,  or  with  alkalies,  will  show  the  con- 
ititation  of  the  dibromstyrol,  and  by  inference  that  of  the  mono- 
bromcmnamic  acid  whose  melting  point  is  120°  C.  and  which  is 
pommonly  called  the  fi  acid,  although  the  position  of  the  bromine 
in  the  molecule  has  never  been  satisfactorily  determined. 

In  the  course  of  his  work  Dr.  Kinnicutt  has  devised  a  method  of 
preparing  carbonic  oxide  gas  (CO)  which  is  a  valuable  addition 
^  our  methods  of  preparing  this  well  known  aeriform  substance, 
md  forms  a  striking  lecture-room  experiment.  Dr.  E.  Noack  has 
ately  shown  that  carbonic  oxide  can  be  obtained  by  passing  car- 
bonic dioxide  over  heated  zinc-dust.  His  results  suggested  the 
dea  that  the  same  gas  might  be  more  conveniently  made  by 
leating  carbonates  directly  with  zinc  dust,  and  it  was  found  that 
rten  pulverized  magnesitc,  mixed  with  twice  its  weight  of  zinc 
lust,  was  heated  in  a  copper  retort,  a  rapid  evolution  of  carbonic 
>xide  gas  took  place,  which  afterthe  first  few  minutes  came  over 
^ery  nearly  pure,  containing  less  than  one  per  cent  of  carbonic 
Hoxide.  The  magnesite  used  was  that  from  EubcDa  in  Greece, 
*^hich  is  imported  here  for  making  artificial  stone,  but  any  form 
>f  anhydrous  magnesic  carbonate  would  serve  as  well. 

Mr.  John  N.  Nef,  of  the  Junior  class,  has  made,  under  the 
lirection  of  Dr.  Kinnicutt,  some  experiments  on  the  determination 
f  nitrous  acid  by  potassic  permanganate.  The  determination  of 
itrons  acid  by  adding  a  very  dilute  solution  of  the  acid  to  a 
^eak  solution  of  potassic  permanganate  often  proves  troublesome 
ad  inaccurate,  owing  most  probably  to  the  slow  oxidation  of 
le  last  traces  of  nitrous  acids.  It  was  found,  however,  that  very 
scurate  results  could  be  obtained  by  the  following  modification 

the  process.  To  a  solution  of  a  nitrite  in  water,  two  or  three 
ops  of  dilute  sulphuric  acid  are  added,  then  immediately  an 
cess  of  potassic  permanganate,  the  volume  of  the  standard  solu- 
n  used  being  accurately   measured.     Next  ten  to  fifteen  cubic 
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centimeters  of  pure  H,SO^  previously  dilated  with  its  oir 
volume  of  water  and  cooled,  are  carefully  poured  in  under  ooi 
stant  stirring,  and  the  excess  of  potassic  permanganate  is  the 
determined  with  a  standard  solution  of  oxalic  acid.  Five  deta 
minations  of  a  sample  of  potassic  nitrite  showed  a  variation  o 
only  yJ-q^  of  one  per  cent,  and  the  same  number  of  determinatioD 
of  sodic  nitrite  a  variation  of  only  y^  of  one  per  cent. 

In  a  careful  series  of  experiments,  Mr.  R.  Pbnrosb,  of  the  Jm 
ior  class,  attempted  to  apply  the  same  method,  under  Dr.  ffino 
cutt^s  direction,  to  the  estimation  of  the  sulphites,  but  he  did  nc 
obtain  satisfactory  results. 

The  Director  of  the  I^aboratory,  Professor  J.  P.  Cooki,  bi 
continued  his  work  on  the  Revision  of  the  Atomic  Weights.  H 
has  elaborated  methods  for  determining  with  great  precision  th 
relations  H:  O:  Ag;  H:  S:  Ag;  H :  CI :  Ag. ;  H:  I:  Ag;  H 
Br :  Ag,  fixing  the  relations  between  the  members  of  each  tri* 
in  a  single  series  of  determinations.  Starting  ^th  the  relttio 
Ag:-  Br=108:  80  in  regard  to  which  there  is  a  universal  agi« 
ment  he  is  seeking  to  fix  the  relations  of  each  value  at  onoe  t 
two  others,  whose  mutual  relations  are  already  known,  as  in  bi 
previous  work  on  the  relation, 

Ag  :  Br :  Sbz=  108-00  :  8000 :  120-00. 

In  this  way  he  hopes  to  be  able  to  control  so  effectually  th 
experimental  errors  that  the  questions  in  regard  to  the  hypothesl 
of  Prout  or  the  constancy  of  the  atomic  weights  may  be  finsU; 
settled.  This  investigation  obviously  involves  a  ereat  araonnt  c 
labor ;  and  since  it  must  be  a  long  time  before  tne  final  result 
can  be  reached  this  announcement  is  made  to  prevent  an  unneoei 
sary  duplication  of  the  work.  In  connection  with  this  investigi 
tion  the  writer  has  developed  a  simple  method  of  correcting  th 
weight  of  a  body  for  the  buoyancy  of  the  atmosphere,  which  wa 
described  in  the  previous  number  of  this  Journal,  and  similar  f^ 
ordinate  results  will  be  published  from  time  to  time  as  the  invef 
tigation  proceeds. 

Under  the  direction  of  Professor  Cooke,  Mr.  C.  P.  WorcbstbI 
of  the  graduating  class,  has  determined  the  vapor  density  of  th 
chloride,  the  bromide  and  the  iodide  of  antimony  by  means  g 
the  displacement  process  of  Victor  Meyer  with  the  followin) 
results,  which  are  in  each  case  the  mean  of  three  experiments: 

Density,  Air=l.     Theory,  SbRs. 

Antimonious  chloride,  7*96  7'85 

«'  bromide,  12-67  12-48 

"  iodide,  17-59  17-33 

The  first  two  values  were  obtained  by  displacement  of  air,  tl 
last  by  displacement  of  nitrogen,  and  the  variations  from  theoi 
do  not  appear  to  be  greater  than  the  errors  inherent  in  the  pr 
It.     It  therefore  appears  that  in  the  state  of  vapor  the  mol 
]•«  of  all  three  compounds  have  the  same  simple  constitution. 
Mn  Worcester  also  determined  the  heat  evolved  in  the  f  amili 
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reaction  of  zinc  on  dilute  sulphuric  acid.  By  experimenting  with 
rinc  dust,  which  dissolves  with  great  rapidity  when  in  contact 
with  platinum,  and  previously  determining  the  proportions  of 
line  and  oxi<le  of  zinc  mixed  in  the  powder,  it  was  found  possible 
to  conduct  the  reaction  under  such  conditions  that  the  heat 
evolved  couhl  be  measured  in  a  calorimeter.  The  values 
obtained  were  considerably  greater  than  those  calculated  from 
tbe  well-known  heat  of  combination  of  sulphuric  acid  and  zinc 
sulphate,  and  the  results  were  interesting  chiefly  as  controlling 
the  more  fundamental  thermo-chemical  data,  and  bringing  to 
light  discrepancies  which  must  be  reconciled  before  entire  reliance 
can  be  placed  on  this  new  class  of  chemical  constants.  Inves- 
ti^tions  similar  to  this  were  undertaken  by  other  students,  but 
without  equal  success,  and  the  results  are  reserved  until  suflicient 
data  have  been  obtained  to  warrant  positive  conclusions. 

Mr.  S.  H.  Knkjiit,  of  the  graduating  class,  re-determined  the 
boiling  point  of  sulphur  by  the  method  contrived  by  the  writer, 
and  previously  described  in  this  Journal  by  Mr.  Z.  R.  BcHnett. 
His  experiments  give  as  the  mean  value  of  many  observations  at 
the  normal  pressure  of  the  air  44 7° '9,  with  a  probable  error  of 
two-tenths  of  a  degree,  a  value  which  is  several  degrees  higher 
than  that  recently  given  by  Professor  Crafts.  But  although  Mr. 
Knight's  results  agree  very  closely  with  that  j)reviously 
obtaine<l  by  lilr.  Bennett  with  the  same  method,  it  is  not  improb- 
able that  in  both  cases  the  boiling  point  may  have  been  abnor- 
mally raised  by  the  super-heating  of  the  vapor,  by  impurities  in 
the  sulphur,  or  by  the  effect  of  the  vessel  used.  The  vessel,  made 
of  cast  iron,  was  lined  with  a  porcelain-like  glaze,  and  directly 
heated  with  a  gas  flame. 

Mr.  Oliver  W.  Huntington  has  determined  the  crystalline 
fonn  of  chlordibromacrylic  acid,  C^ClBr./),!!,,  obtained  as  above 
hy  Dr.  Mabery.  The  crystals  are  oblique  prisms  and  have  a 
Well-marked  tridinic  habit.  The  prismatic  axis  was  taken  as  the 
>xis  z  and  the  axes  of  the  only  other  zones  capable  of  giving  dose 
Oieasurements  were  taken  us  the  axes  of  x  and  ?/.  The  elements 
of  the  crystal  were  calculated  from  the  fundamental  angles  010  on 
100=06°  23',  100  on  001=110°    17',  010  on  001  =  116°  20',  100 

on  101=63°  50',  100  on  lTo=47°  5'.     The  calculation  gives 

a:h:c:  =  079807  : 1 :  0*72072 

-cony     104°  43';  yon  3     71°  6';  a;  on  y     71°  10'. 

^ides  the  planes  above  enumerated  the  following  were  also  de- 
^^fniined : 

430;  OU;  .104?  740;  470;  474;  047? 

Mr.  Huntington  also  has  had  in  preparation  a  collection  of 
'Qejnical  tables,  and  of  these  a  set  of  logarithms  to  five  places  of 
^inials,  arranged  on  an  ingenious  plan  to  facilitate  rapid  rufer- 
'*ce,  have  been  published. 

2.  Electricity  due  to  ecaporation. — In  order  to  test  the  point 

•^^ther  the  vapor  arising  from  electrified  surfaces  of  fluids  is 

t.  JouB.  8ci.— Third  Sbribs,  Vol.  XXVI,  No.  152.— August,  1888. 
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positive,  nejrative,  or  noutral,  a  numbor  oi"  exhaustive  experiments 
have  lately  been  uiulertaken  in  the  Vhysical  Laboratory  at  Berlin 
by  Mr.  Hlake  iin<ler  the  Kupervisioii  of  Ilclmholtz.  It  was  fouuil 
that  the  vapor  arising  from  tlie  electrilierl  surface  of  water  was 
neutral. — Antnden  tltr  Physik  und  Chemie^  No.  7,  1883.      j.  t. 

3.  CoHstmit  of  J>ielei'tHciti/, — The  electromagnetic  theory  «)f 
light  is  attracting  so  much  attention  that  experiments  upon  elec- 
trical stress  in  dielectrics  are  becoming  oi  great  importance. 
Quincke  has  measured  the  consianls  of  dielectricity  and  the 
double  refraction  of  insulating  fluids.     Using  Maxwell's  equation, 

^  "  8;r  '  a' 

in   which   p  represents  the  stress  along  lines  of  electrical  force, 
P  denotes  the  difference  of  electric  potentials,  m  the  distance  be- 
tween the  plane  metallic  electrodes  between  which  the  fluids  are 
placed,  K^  the  dielectricity  constant,  or  the  number  which  rep- 
resents the  increase  of  the  ca))acity  of   a  condenser   when  th& 
plates  are  separated  from  one  another  by  another  insulating  sub^ 
stance  than  air.     According  to  Maxwell,  K  should  be  equal  totho 
square  of   the  index  of   refraction    for    light  waves    of    infinity 
length.      Quincke's  results  do  not  confirm    this  conclusion.      -^ 
table  of  the  constant  for  fifteen  litpiids  is  given.     The  double  re- 
fraction of  insulating  fluids  is  also  examined  and  is  found  to  Uo 
variable.     It  is  given  in  tenns  of  a  coeflicient  defined  by  Quincko. 
— Phil.  Ma(f,^  'I^ily*  l^^*^  PI>-  l-^«  J-  T. 

4.  CottAenHitlon  of  Solar  Kneryy. — The  June  number  of  the 
Philosophical   Magazine  contains  an   article  by   P2.  II.  ('ook  on 
Siemens's  new  theory,  in  whi(!h  the  author  ]»roves  that  CO.^  is  dis- 
tributed uniformly  throughout  our  atniosjihere,  and  concludes  that 
the   power  of  gaseous  diffusion  is  such  as  to  equalize  the  dispro- 
portion  of  gases  which  Siemens  finds  necessary  for  his  hy|)Otbe- 
sis.     Siemens  in  reply  admits  the  uniform  distribution  of  CO^  in 
our  atmosphere  which  is  subjected  to  powerful  circulating  cur- 
rents, but  does  not  think  that  gaseous  diflusion  can  work  quickly 
enough  to  interfere  with  his  jjhotospheric  currents.     The  effect  of 
the  slow  action  of  gase«ms  diffusion  he  thinks  would  be  inappreci- 
able \\\H}\\  gaseous  currents  which  arise  from  solar  rotation,  which 
amounts  to  4500  miles  an  hour. 

The  nictallic  vapors  in   the  j>hotosphere  are  chiefly  <lue  to  me- 
chanical intermixtures.     Tlu^  metallic  vapors  thus  introduced  into 
the  phi)tosphoric  current  will  be  burnt  and  j)rojected  outward  into 
space,  not  as  a  vapor  as  supposiMl  by  .Mr.  Cook,  but  as  a  metallic 
<lust    much    denser    than    the   surrounding    medium;    the  larger 
portion  of  which  will  according  to  Siemens  return  to  the  sun  i»y 
virtue  of    solar  gravitation  and  be  dissociated  on    reaching  the? 
gaseous  metallic  sea  underlying  the  pliotos])here.     Siemens  iheu 
aims   to  show  tliat  the  light    mi'tallic  vajjors  will  be  held  in  sus— ^ 
pension  in  this  metallic  oc<*an  in  the  sam<'  way  that  oxygen  ami 
carbonic  anhy<lri<le  are  retained  in  sea  water.     In  regar<l  to  Mr. 
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Cook's  objection  that  the  preponderance  of  liydrogen  and  CO  in 
meteorites  is  inconsistent  nvith  the  idea  that  Xhe  meteoric  gases 
have  been  absorbed  in  space,  Siemens  remarks  that  it  is  sufficient 
to  know  that  the  meteorites  contain  all  the  constituents  of  our 
atmosphere  except  hydrogen  :  and  the  latter  occurs  in  our  atmo- 
sphere combined  with  oxygen ;  whereas  in  space  and  in  the 
solar  photosphere,  we  have  evidence  of  its  separate  existence,  or 
iD  combination  with  carbon.  Mr.  Oook^s  criticism  upon  the  solar 
fan  action  is  speedily  dismissed  by  Siemens  with  the  imputation 
that  it  is  not  understood  by  Mr.  Cook.  It  is  also  pointed  out 
that  differences  of  combustion  and  richness  of  gaseous  fuel  may 
account  for  the  light  of  colored  stars.  In  Gonclusion  Siemens  re- 
fera  to  a  recent  paper  by  his  brother,  Dr.  Werner  Siemens,  in 
which  the  latter  cannot  reconcile  the  nature  and  cause  of  the 
electric  potential  supposed  to  exist  between  the  sun  and  the 
earth  excej>t  by  the  adoption  of  Sir  William  Siemens'  hypothesis. 
—Phil  Mag,y  July,  188:J,  pp.  62-66.  j.  t. 

6.  Metal  Microphojies  in  Vacno. — The  action   of   the  micro- 
phone is  doubtless   a   complicated  one,  and  experiments  which 
tend  to  throw  light  upon  the  action  between  two  surfaces  in  con- 
tact at  tlie  point  where  an  electrical  current  passes  are  of  much 
interest.     Mr.  J.  Munro  has  constructed  a  microphone  from  two 
fine  iron  gratings  or  pieces  of  gauze  which  hang  loosely  against 
<»ch  other  in   a  tube  which  has  been  exhausted  as  completely 
*8  possible.     The  contacts  between  the  wire  gratings  could  be 
nioaitied  by  bringing  a  magnet  to  the  exterior  of  the  tube  and 
^''ug  lifting  one  grating  more  or  less  from  the  other.     The  glass 
^iibe  was  placed  upon  a  sounding  board  and  the  ticking  of  a 
^*tch  placed  on  this  sounding  board  was  very  clearly  heard  in 
*  ^telephone  placed  in    the   circuit.      It   was   thought   that   the 
Microphone   in   vacuo   acted    in    an    unusually    perfect   manner, 
•'^d   Mr.   Munro   thinks   that    this  perfect  action   of  the  micro- 
phone could  not  have  been  supposed  from  certain  experiments 
^  Edlnnd  on  the  polarization  of  electrodes  in  vacuum. — PhU. 
^^9>j  July,  1883,  pp.  23-25.  j.  t. 

^  ^.  Carbonic  acta  in  air  helps  in  con  demising  watery  vapor. — 
"^'ofessor  ScACcni,  in  view  of  the  production  of  clouds  of  vapor 
?^  the  larger  fumarole  of  the  Solfatara  of  Pozzuoli  by  the  burn- 
^*^g  of  paper  or  branches  of  trees  in  thje  mouth  (as  shown  by  the 
^^ides  to  travelers),  attributed  the  effect,  in  1849  to  the  car- 
*^^nic  acid  produced  by  the  combustion,  comparing  the  action 
*^  that  of  hydrochloric  acid  which  fumes  in  ordinary  air.  The 
Jl^estion  has  recently  been  experimentally  examinee!  by  Italo 
^iciLiOLi  of  Portici.  The  conclusions  of  this  author  are  as  follows : 
i^)  Carbon  dioxitle  helps  to  condense  watery  vapor;  (2)  minute 
^^^■lies  suspended  in  the  air  are  a  powerful  cause  (the  principal 
^ti^^o,  as  Coulier  and  Aitken  have  shown)  in  the  condensation  of 
^^Ueous  vapor ;  (3)  the  effects  at  the  fumarole  must  be  ascribed 
^^  both  the  carbon  dioxide  and  the  minute  carbonaceous  pailicles 
*^t.  free  during  the  combustion. — Nature  of  May  24. 
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7.  A  Treathe  on  KleHridty  and  Magiieti«ni;  by  E.  Mam^art 
and  J.  JoiT BE KT,  .translated  by  E.  Atkinson.     Vohiiiie  I,  general 

idienomena  and  theory.  054  pp.,  8vo.  London,  18S3  {TIiob.  De 
-•a  Rue  &  Co.) — Professor  Atkinson  has  rendered  an  important 
service  to  English  students  in  brin^inu  before  them  this  valuable 
volume  by  the  Freneh  physicists  MM.  Mascart  and  Joubert.  Tlie 
entire  work  is  to  be  embraced  in  two  volumes,  of  which  the  fii'st, 
now  publishe<l,  is  theoretical,  develo])ing  the  general  principles 
of  the  science  from  the  mathematical  side ;  the  second  is  to  lie 
devoted  to  the  description  of  the  various  phenomena,  the  niethoiis 
of  measurement  and  so  on.  The  authors  speak  of  the  first  vol- 
ume, forming  as  it  <loes,  essentially,  a  distinct  work,  as  an  "  Essay 
on  the  Me<rhanical  Theory  of  Electricity,"  and  this  will  give  some 
idea  of  its  scope.  It  is  a  work  of  high  character,  and  should  iie 
carefully  studied  by  every  student  of  electricity. 

II.  (tkology  and  Mineralogy. 

1.  Elevated  Cond  Reefs  of  Cuba  ;  by  W.  <).  Crosby,  (Proo. 
Boston  Soc.  Nat.  Hist.) — Mr.  i.'rosby  describes,  in  this  paper,  th^ 
elevated  coral  reefs  of  Cuba,  and  draws  from  them  the  appji. 
rently  well  sustained  conclusion  that  they  indicate  a  slow  subsi. 
dence  during  their  formation,  and  hence,  further,  that  Darwin^s 
theory  of  the  origin  of  coral  islands  is  the  true  theory.     The  /oif- 
est  reefterrace,  of  the  northern  side  of  the  islan*.!,  has  a  heip;ht  of  ■ 
thirty  feet,  and  varies  in  width  from  a  few  rods  to  a  mile;  it  was 
once,  plainly,  the  fringing  reef  of  the  shore.     The  tticond  reel- 
terrace  rises  abruptly  from  the  level  <>f  the  lower  to  a  height  of 
200  to  '250  feet,  and  bears  evidence  of  having  been  of  like  oritfin 
with   the   lower.      The  altitude  of  the  third  reef  is  about  5()0 
feet ;    and   the  fourth  has  a  height  east  of  Baracoa,  near  the 
Yumuri  liiver,  *'of  pn)bably  not  less  than  800  feet."     These  old 
reef-terraces  extend  "  with  slight  interruptions — around  the  entire 
coast  of  Cuba ;  and  in  the  western  part  of  the  island,  where  the 
erosion  is  less  rapid  than  farther  east,  they  are  the  }>re<lominant 
fonnation,  and  they    are  well    preserved    on  the  summits  of  the 
highest  hills.     Mr.  Alexander  Agassiz  states  that  the  hills  about 
Ilavanna  and  Matanzas,  which    reach   a  height  of  over  200  feet, 
are  entirely  composed  of  rerf-limestone." 

In  the  precipitous  mountain  called  El  Yunque  (the  Anvil),  five 
miles  west  of  Baracoa,  reef  limestone,  1,000  feet  thick,  constitutes 
the  upper  half  of  the  mountain,  the  lower  part,  on  which  the  reef 
rests,  consisting  of  eru|)tive  rocks  and  slates;  and  originally  the 
upjKT  limit  of  this  modern  limestone  formation  must  have  been 
2,000  feet  above  the  sea-level.  Mr.  Saw  kins  gives  2,000  feet  aft 
the  maxinnmi  tliickness  of  the  Jamaica  elevated  coral  reefs  aljovc- 
the  sea. 

Evidence  that  the  reefs  were  not  formed  during  a  ])r(»gressiv^* 
rising   of  the    land    is    <lrawn    from    the  thickness  of  the   reefs 
Mr.  Crosby  observes  that  the  reefs  reaching  to  a  height  of  SOCST- 


Geclagy  ami  Mineralogy.  149 

iiid  1,000  feet — if  not  also  tliat  to  a  height  of  2,000  feet  Bhow, 
)y  the  remains  within  them,  that  they  were  made  chiefly  of 
vef-buililing  corals,  and  hence,  that  they  were  not  begun  in 
k»ep  water,  as  is  assumed  in  tlie  theory  of  Mr.  Agassiz  ;  but  tliat 
L\iey  were  made  in  shallow  water  during  a  progressive  subsidence. 
Mr.  Crosby  concludes  as  follows : 

"  We  have  then  apparently  no  recourse  but  to  accept  Darwin's 
theory,  as  an  adequate  explanation  of  the  elevated  reefs  of  the 
Greater  Antilles ;  and  therefore,  to  admit  that  the  upheaval  of 
ibis  portion  of  the  earth's  crust  has  been  interrupted  by  |)eri- 
chIs  of  profound  subsidence  during  which  the  reefs  were  formed. 
The  subsidence  of  2,000  feet,  of  which  El  Yunque  is  a  monument, 
must  have  n»dnced  the  Greater  Antilles  to  a  few  lines  of  small, 
but  high  and  ragged  islands ;  and,  as  Mr.  Bland  has  shown,  this 
fully  accounts  for  the  absence  in  these  immense  tracts,  of  all  large 
animals,  although  they  were  abundant  here  in  Pliocene  and 
earlier  times." 

The  writer  adds  here  the  following  objections  to  the  theory  of 
the  formation  of  coral  atolls  in  deep  waters  out  of  the  calca- 
nK)US  secretions  of  deep-water  life ;  (1)  It  is  very  improbable 
that  submarine  eruptions  ever  make  the  large  and  well  defined 
craters,  like  those  of  subaerial  action,  which  are  appealed  to  in 
onler  to  explain  the  lagoon  feature  of  atolls;  (2)  many  coral  atolls 
are  twenty  miles  or  more  in  diameter,  which  is  vastly  larger  than 
the  largest  of  craters;  (8)  The  atolls  are  never  circular,  and  the 
larger  have  the  irregularities  of  outline  or  divei-sities  of  form  char- 
acterizing other  large  islands  of  the  ocean ;  (4)  In  the  actual  reefs 
and  islands  of  the  teejee  group  (see  the  map  of  the  Islan<ls  in  the 
writer's  Conils  and  Coral  Islands),  all  the  contiitions,  from  the 
first  stage  to  that  of  the  almost  completed  atoll,  are  well  illus(rate<l, 
one  island  having  only  a  single  peak  of  rock  within  the  lagoon,  not 
yjjth  of  the  whdle  area,  which  a  little  more  of  subsidence  would 
put  beneath  the  waters  and  leave  the  lagoon  wholly  free.    j.  d.  d. 

2.  Glacier  Motion. — In  a  paper  by  W.  K.  Browne  on  glacier 
motion,  read  before  the  Royal  Society  in  June,  18H2  (and  pub- 
lished in  Nature,  June  5),  the  author  rejects  all  theories  except  that 
of  Canon  Moseley,  which  attributes  it  to  change  of  temperature, 
ind  likens  the  motion  to  the  creeping  of  a  lead  plate  down  a 
sloping  surface.  At  the  close  of  his  paper  the  author  publishes 
the  following  Greenland  notes  by  Dr.  Rae. 

**When  in  Greenland,  in  the  autunm  of  1«G0,  I  was  ice-bound 
at  the  head  of  one  of  the  fiords,  an<l  slept  a  couple  of  nights  at 
JMi  Eskimo's  house.  A  jjlacier  about  half  a  mile  distant  was  then 
in  full  activity,  the  movement  of  which  might,  I  believe,  have 
liecn  us  visible  to  the  eye  as  it  certainly  was  audible  to  the  ear. 
Mv  own   idea  is  that   Arctic  ji'laciers  must  have  a  downward 

* 

motion  more  or  less  durinij  the  whole  vear,  summer  and  winter. 
1  Wieve  the  alternation  of  heat  and  cold — or,  I  should  rather 
MV,  of  temperature — would  of  itself  cause  motion,  especially 
near  thi.'  upper  surface. 
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We  know  that  ice  two  or  three  feet  or  more  thick  contractB 
very  considerably  in  a  few  hours  by  a  sudden   fall   of  fifleen  or 
twenty  decrees  of  temperature.      I  have  found  cracks  in  Lake 
Winnijwj^  three  or  four  feet  wide,  formed  by  this  cause  during  a 
single  night,  almost  stopping  our  sledge  journey.     This  ga]>  soon 
freezes  up.     Then  the  weatlier  gets  milder,  the  ice  expands,  and 
with  the  new  additional  formation  is  too  large  for  the  lake,  and  is 
forced  up  into  ridges.     This  process  goes  on  at  every  '  cold  snap,' 
alternating  with   milder  weather.     Now  supposing  a  glacier  for 
ten  or  more  feet  of  its  depth  contracts  by  cold,  as  lake  ice  is 
known  to  do,  it  will  get  a  series  of  cracks  ]»robably  in  it8  longest 
axis,  say   from   iidand   seaward ;  the  first  snowdrift   will  fill  up 
these  cracks  or  some  of  them,  and  this  filling  up  will  to  some  ex- 
tent perform  the  same  office  as  the  freezing  of  the  cracks  in  the 
lakes.     The  longitudinal  extent  of  the  glacier  will  be  increased. 
A  snowstorm  always  brings  milder  weather,  which  would  expand 
the  glacier,  but  as  this  expansion  would  naturally  tend  dowidiill,^ 
instead  of  up,  the  whole  motion  would  be  downwards.     But  evei^ 
if  the  cracks  I  mention  did  not  take  place,  the  contraction  bji^ 
cold  would  pull  the  ice  downhill,  not  up,  while  the  expansion  b^ 
increase  of  temj)erature  would  tend  to  jnish  the  glacier  downhil^^ 
so  that  these  oj)posite  actions  would   produce  similar  effects  i  -^ 
moving  the  gla(?ier,  or  such  part  of  it  as  could  be  acted  upon  1^  ^ 
external  temperature,  downwards. 

I  may  also  add  that  when  a  crack,  however  slight,  is  formed  t_>« 
contraction,   the  cold  is   admitted   into  the   body  of  the  glaci^^j. 
and  increases  the  contracting  power  or  influence." 

It  will  be  remembered  that  I^rofessor  Agassiz's  theory  of  glnc  u.^ 
motion  makes   the   dilatation   arising   from    the  freezing   of  tlje 
water  that  descetids  into  the  glacier  the  chief  cause  of  moti«.>n. 
In  his  (Tcological  Sketches,  pul)lished  in  1860  (p.  280),  he  states 
that   other   causes   of  motion    have  acted,  but  still    urges  that 
dilatation  of  the  mass  resulting  from  the  freezing  of  infiltrated 
water  was  an  im})ortant  means. 

3.  Glacial  cold. — In  the  (reological  Magazine  for  July,  Mr.  S. 
V.  Wood  reviews  briefly  the  facts  with  regard  to  the  ice  of  the 
ice  j)eriod,  and  the  views  as  to  glacial  cold,  and  sustains  the 
opinion  he  had  previously  presented  that  the  period  was  "due 
neither  to  a  change  in  the  earth's  axis,  nor  to  any  variation  in  the 
eccentricity  oi'  the  earth's  orbit,  nor  to  any  change  in  the  distri- 
bution of  land  and  water,  l)ut  to  a  diminution  in  the  heat-emitting 
power  of  the  sun." 

4.  Canfn'htffiofis  to  f/if  IliMory  of  L<ike  JioniievUle  ;  by  G.  K. 
GiLBKKT.     Ann.  Kep.  V.  S.  (tcoI.  Survey,  1880-sl,  pp.  lGi*-20(», 
with  ])lates  and  maps. — This  pai)er  is  an  abstract  of  Mr.  Gilbert's 
full   but  yet   unpnblis]ie<l   Report  on    Lake    Bonneville.     Earlier 
contributions  by  liiin  on  the  lake  and  its  outlet  are  contained  in 
volumes  XV  (187S)  and   xix   (IHhO)   of  this  Journal.     The  present, 
paper  relates  prominently  to  climatic  (changes  which  the  phases i»-^ 
the  lake  indicate  ;  the^inecjuality  in  change  of  level  undergoa.  ^ 
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about  the  lake-area,  which  want  of  horizoiitality  in  the  terraces 
evinces,  and  the  orographic  movements  that  occasioned  it ;  and 
the  relations  in  time -to  p<^riods  of  volcanic  activity  at  pointH  over 
the  region.      Mr.   Gilbert    observes  that  the  highest  water-line 
about  Lake  Boinieville  (the  flooded  Great  Salt  Lake  and  other 
Utah  lakes  combined)  is  1000  feet  above  the  level  of  Great  Salt 
Lake;  and  "over  every  loot  of    the  intervening  profile  can  be 
traced  evidence  of  the  action  of  waves."     This  lOOO-foot  terrace 
is  called   the  Bonneville  shore-line;  and  another,  which  is  espe- 
cially conspicuous,  at  a  level  of  400  feet,  is  called  the  Provo 
shore-line.      The  remarkable    ten^aced    features   of    the   region, 
which  skirt  all  the  lower  slopes  of  the  mountains,  are  well  shown 
in  plates  accompanying  the  memoir. 

The  orographic  movements  aboiit  the*  great  lake,  according  to 
CAreful  measurements  of  heights,  had  their  axis  near  the  113th 
meridian,  the  altitudes  along  the  eastern  and  western  shores 
being  about  100  feet  below  those  at  intermediate  points  (at 
Promontory  and  Grautsville) ;  and  at  the  extreme  southern  limit, 
the  southwestern  shore  of  Escalante  Bay,  the  rise  in  the  surface 
weftt^'ard  was  200  feet  in  about  25  miles. 

Mr.  Gilbert  deduces  from  the  observations  that  an  increase  in 
elevation  of  the  Wasatch   Mountains  may  be  still  in  progress. 
A  cut  represents  the  great  faulting  of  the  strata  along  the  west 
side  of  this  mount.ain  region,  separating  its  upturned  rocks  from 
those  that  remained  nearly  horizontal  farther  west,  and  states 
that,  in  an  escarpment  showing  this  line  of  fault,  the  time  of  the 
latest  movement  is  indicated  by  the  character  of  the  erosion ; 
that  the  eroded  slopes  are  not  a  result  of  subaerial  action,  but 
are  chanicterized  by  the  peculiar  sculpture  of  waves ;  that  the 
last  uplift  of  the  \V  asate.h  Mountains  along  the  fault  took  place 
after  the  era  of  Lake  Bonneville  and  the  formation  of  the  Bonne- 
ville and  Provo  shores ;  and  also  that  the  waters  of  the  Great 
Salt  Lake  have  not  since  been  even  50  feet  higher  than  they  are 
at  present.     He  adds  that  this  uplift  is  therefore  so  recent  '^as  to 
leave  no  reasonable  suspicion  that  its  growth  has  now  ceased." 
The  memoir  closes  with  the  following  "  summary:" 

(1)  The  climatic  episode  of  which  Lake  Bonneville  was  the 
expression  consisted  of  two  humid  maxima,  soparaterl  by  an  in- 
terval of  extreme  aridity.  The  second  maximum  was  tlie  more 
pronounced ;  the  first  the  longer. 

(2)  The  time  elapsed  since  the  close  of  the  Bonneville  epoch 
has  Ihvn  briefer  than  the  epoch,  and  the  two  together  are  incom- 
|iunil)lv  briefer  than  such  a  tjc^»ologic  perio<l  as  the  Tt*rtiary. 

(3)  The  period  of  volcanic  activity  in  the  (iroat  Basin,  which 
covcreil  a  large  share  of  Tertiary  tnne,  continue<l  through  the 
Quaternary  also,  and  pri*sunial)ly  has  not  yet  ende<l. 

(4)  Such  earth  movements  as  are  concerned  in  tlu*  niohliiiur  of 
coutincnts  had  not  ceased  in  Western  Ttah  at  the  close  of  the 
B«)nneville  K])Och,  and  ju'esumably  have  not  yet  eeased. 

(5)  Tlje  Wasatch  Range,  the  greatest  mountain  mass  of  Ttah, 
has  recently  increased  in  height,  and  presumably  is  still  growing. 
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5.  China ;  by  Fkkdinani)  Frkihkurn  von  Rioiitiiofkx.  VoL 
IV.  Berlin,  18«;?. — TIk?  fourth  volume  of  Huron  von  Kichtho- 
foii'8  i^roat  work  on  China  has  just  n]))u»ariMl,  and  is  publiNhed  in 
the  same  luxurious  style  with  ils  ju'edecessors.  It  fonus  ihe 
ji.ileontolo^ieal  part  of  the  work  and  ennsists  of  des<'riptio!is  and 
diseussions  of  the  fossils  obtained  from  different  parts  of  China, 
contributed  by  various  authors:  1,  (-anibrian  trilobites,  by  Wil- 
hcbn  Dames;  2,  Cambrian  brachiopods,  by  Em<inue]  Kayser; 
3,  Middle  and  U}>per  Silurian  fossils,  by  the  same  author;  4, 
Upper  Silurian  eorals,  by  Lindstrom;  5,  Devonian  fossils  of 
soutliwestern  China,  bv  K.  Kavser;  ^.  Devonian  and  Cftrbonifer- 
OU8  fossils  of  Tshau-tien,  by  E.  Kayser ;  7,  C-arboniferous  Fora- 
minifera  of  China  and  Japan,  by  Conrad  Schwa^er;  H,  Upjier 
Carboniferous  fauna  of  Lo  })int!f,  by  K.  Kayser;  9,  Carbon  if  eroutj^ 
plants,  10,  Jurassic  i)lants,  11,  Tertiary  plants  of  Southern  Chiuu 
all  bv  A.  Sehenk.  ^^ 

These  memoirs  are  illustrated  by  54  well-executed  plates. 

In  looking  tln-ouj^h  this  volume  no  one  will  fail  to  be  impresse  .^-^ 
with  tlie  remarkable  resemblance  an<l  to  a  large  degree  identit.  ^» 
of  the  fossils  brought  by  liichthofen  from  China  with  those  whioi'^, 
are  most  characteristic  of  the  formations  holding  tlie  same  relativ  e 
positions   in    Europe  and   America.     Very  few   new  genera  a.^r^ 
described  and  a  large  majority  of  the  sj)ecies  are  i<lentical  with 
those  previously  made  known  by  Hall,  Meek,  Goldfuss,  Roni^j^r 
Sowerby,  Dalman,  Angelin,  Davidson,  i>rongniart,  Goppert,  IIi**;r 
and  others.     For  example :  in  twelve  species  of  Prothwtus^  enuni«^«r- 
ated  as  occurring  in  the  Chinese  Carboniferous  rocks,  only  out?    is 
described   bv  Kavser  as  distinct Iv  new.     The  Carboniferous  rvinl 
Devonian  biachioj)ods  form  the  largest  group  of  well-preservtMl 
fossils   ri'prcsenled,   and   these    include    the    greatest   number     <>f 
identical  species.      Plate  after  plate  is  made  up  of  forms  wlii<>h 
are  most  familiar  to  every  paleontologist  of  Fjuroj)e  and  America. 
One  plate  is  0(urupied   by  figures  of  Peiitanwrus  (jnltatus  Dal  in. 
Atn/jtfi  fltHf/Kdhiafa  Sowb.   (hardly  distinct  from  A.  reti^KlariJt) 
and  A.  uspt nf  Schloth  ;   the  next   plate  mostly  by  Sjyirifer  Ver- 
fuiiili  Murch.  (S.  (lisJunot}ts  Da  v.);  one  overgrown   by  Aalopom 
tuho'fitrntls   (loldi.,  another  carrying    Cnmui  ohAoleUi^  Spir&rbis 
oynphalodiH  and  I'vrnulites  vpithonia^  a\\  descrilH'd  by  Goldfuss 
from  European  specimens.     Of  the  eight  Orthides  two  only  are 
exclusively    Chinese.       Among    the    Carboniferous    brachiopoils 
nearly  all  are  identical  with  ours,  the  iirst  plate  whi('h  rej)resoMts 
them  bt'ing  compusrd  of  littzia  oo)np)\,<imi  Meek,  Athyria  ijhhtt- 
f<(ris  Phill.,  Spirift  r  iifirfttff.H  and  »S'.  «fhth<  r  Martin. 

On  the   next  plat*'   are  represrnte<l    Strcptnri/ncfutH  rrt'Nhtrf^  ^^ 
worhl-wide  in  its   distribution,  our  Me* Jiff  fa  strinto-i)ostata  Ct>  x 
and  Tf:r(In'(itfd(t  /tKatnta  Sowb.     On  tlie  next  with  Orthis  Pm))^  Ji 
Marcou    are    several    figures    of    Si/ntr}this}mi    fwiniplUuitn   11:*-  \N 

(Spirift r    heniipliodta     Hall,    Stansbury's    Salt     Lake    Report — "^ 

exactly  like  our  ])ecnliar  fossil. 

An  interesting  review  <>f  the  l-)evonian  fauna  is  given  by  Kays< 
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on   page  98,  from   which    it   ap]>ears   that  of  the   twenty-eight 
described  8|X'cies  only  six  are  peculiar  to  China  and  of  the»e  only 
two,  NHcleo9}dra   Takioenensia  and  Orthls  liir/ttho/eni^  are  dis- 
linctly  different  from  any  found  elsewhere ;  the  other  four  Chinese 
species  having  representatives  in  Europe  or  America,  to  which 
luey  are  so  closely  allied  that  they  may  j)erhap»  l>e  only  varieties. 
On  page  199,  Kayser  begins  a  still  more  interesting  and  suggest- 
ive review  of  the  Carboniferous  fauna,  in  which  lie  enumerates  55 
8|)ecies,  only  ten  of  which  are  considered  as  new.     But  two  new 
generic  names  appear  in  the  list,  one  a  coral,  Richthofenia^  first 
obtained  from  India,  and  the  other  a  tish  tooth,  Leptodxis^  allied 
to— if  indeed  it  is  generically  distinct  from — Deltodus  cingulatus 
N.  and  W.  from  Illinois. 

Figures  of  Cambrian  trilobites  occupy  two  plates.  These  are 
wonderfully  like  the  illustrations  of  the  Primordial  fauna  given  by 
Angelin  from  Sweden,  Hall  from  New  York  and  Waleott  from 
Nevada,  and  evidently  represent  essentially  the  same  group  of 
organisms. 

It  has  l>een  urged  that  our  representation  of  the  l^rimordial 
fanna  is  too  fragmentary  to  permit  generalization  in  regard  to  its 
loological  character  and  aitinitics.  But  we  have  now  gathered 
firom  more  than  twenty  localities — some  of  tliese  antipodal — a 
group  of  IVimordial  fossils  which  exceed  six  hundred  in  number; 
and  of  these  more  than  one  half  are  tnlobites.  The  repeated 
recurrence  of  this  group  to  the  exclusion  of  other  fossils  in  rocks 
which  hold  a  fixed  relative  position  in  so  many  and  widely  sepa- 
rated localities  affords  demonstrative  evidence  that  they  typify 
the  animal  life  of  the  age. 

The  list  of  genera  and  species  given  by  Ilerr  Dames  has  not 

•juite  as  familiar  a  look  as  his  plates,  for  to  some  well-known  forms 

he  has  assigned  new  generic  names ;  for  example,  to  the  trilobite 

best  represented  in  the  collections,  which  has  the  pygidium  armed 

with  strong  spines,  the  penultimate  pair  being  much  the  longest, 

he  has  given  the  name  of  Dorypyge.     Into  this  genus  he  brings 

two  trilobites  from  Utah  described  by  Hall,  in  King's  Fortieth 

Parallel  Report,  under  the  names  of  Dikellocephalus  quadriceps 

mA  D,  ?  gothicus.     Similar  tnlobites,  and  [»robably  belonging  to 

the  same  genus,  have  been  found  by  Waleott  in  Nevada  and  by 

the  writer  of  this  notice  in  Southern  Utah  at  the  same  jGreoIojrical 

horizon.     Lyostracus  and  Anamocare  are  names  which   will  be 

less  familiar  to  paleontologists  than  Ctttiort'fthalitt'ti  and  Atptostus 

vith  which  they  are  associated  in  Herr  Dames's  notes;  but  thev 

are   Angelin's   names,  given   to   Priniordial  trilobites  which   had 

hefore  been   included   in  Crepictphnlus  and  ('o)toreph(ditts.      In 

AtHrmocare  are  included  such  species  as  (\)NOf'e/t/i(t/it€s  futnudus, 

C.  irwco/wc/^s/^  ami  (/.  Peterson t  o^  WxxW. 

To  the  fossil  plants  collected  by  Baron  liichthofcn  arc  triven  6u 
of  tlie  209  pages  of  text  and  25  of  the  ")  ^  ]d:itcs  which  compose 
the  volume.  As  is  usual  in  collections  of  fossil  plants,  much  ol" 
the  material  representing  large  organisms  of  coinplicaled  structure 
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is  fragiiientary,  and  to  the  fragments  more  significance  is  some- 
times given  than  is  warranted ;  still  a  sufficient  number  of  well- 
marked  and  oliaractoristic  species  arc  represented  to  make  the 
general  conclusions  reached  br  Herr  Schenk  safe  and  of  great 
interest.  The  fossil  plants  were  collected  from  twelve  locadities 
and  n^present  three  geological  horizons,  the  Carboniferous,  Juras- 
sic an<i  Tertiary. 

The  Carboniferous  species  amount  to  about  40,  of  which  perhaps 
30  aix»  sufficiently  complete  to  be  satisfactorily  identified.     Of 
these,  nearly  all  the  most  distinctly  marked  are  identical  with 
European    Carboniferous   spei'ies   or   are    very  closely  allied   to 
them;  sueh  as  Cnltintitv^n  (juj'ts^  AnnnlarUi  longt/olM^  Nenropt^ris 
^ffvxuoAi,    CyatfuJtes   arhort'^rtns^    Sphentqyhylliim    trunctUton    (a 
varit»ty  t»f  N.  i'tnarifuiatmn\  Sfifpnaria  ^tf4*oi*f^itf  Cortiaites  prinri- 
f>aiiif^  etc.     Among  the  new  species  «lescribed  is  a  large  AnHubi- 
riti  with  very  numerous  and  contiguous  leaves,  to  which   Herr 
Schenk  has  triven  the  name  of  -I.  }na,nmn  :  but  which  Zeiller 
suggests  is  not  distinct  from  large  forms  of  A,  stellaUi  Schloth. 
(  =^-1.  hm'jifidhi  Hrgt.)  {Anunhidei^  Mines,  Oct.,  1882).     Threo 
sjiccies  t»f  Arr/itrnphrtjt  are  notieed,  tor  which  Oeinitz's  antici^ 
pated  name  PnhropfenA  is  retained.     Of  these  one,  *'  P.  lafhceMntc^ 
Schenk/*  figured  on  page  til8,  is  probably  a  group  of  the  abnot^^ 
nial  folioles  which  constitute  the  summit  of  the  pinmu  in  soia^. 
spei*ies  of  Xenrttpftris^  as  .V.  ^ordata  Brgt.  and   -.V.   Rogersoru^^  ^ 
Kimball. 

The  most  >tnking  of  all  the  coal  ]>lants  is  a  large  ovoid  leij^c 
like  that  ot'  a  Magnolia,  whieli  Schenk  has  ealled  Megalopter  f  ^^ 
The  name  i**  pre  irru])ieil,  having  Ium-u  given  by  Dawson  in  IK  •>! 
to  s«>me  large  Neiin»ptend«i  witli  forking  pinna?,  and  further  ilUi^- 
t rated  by  Andrews  in  the  Paleontolocy  of  Ohio,  Vol.   II.     'Plj^ 
plant  is  oi  S]»ecial  interest,  and  it  i>  to  be  hopeil  that  Herr  S<*ht*ijt 
will  eli««o>e  a  nrw  name  t'nr  it.  and  iliai  its  >tructure  and  relations 
will  be  more  fully  made  out  by  furtlier  eolleclions. 

Thi-    Mv*'o/.tii«*   plants    ileseribed    are    tV«»m    seven   localities    ju 
China  and  owv  h\  .l:i|«an,  and  they  pi-rtain  t"  twenty-nine  sj»eci(s, 
of  wliieli   n«  .uly  all    the   :ij"Si   distinetly  marked  lia\e  been  hefopf 
obiained  lr«»ni  In-lia,  tin-  A:no"r,  Turkr>taii  or  Europe.     Conspicu- 
ous   anion;j:    tliein    an-    :he    .»mi:ij-re«*ent    Asfti* nhiiH    ir/f/My^/»j*#? 
(  /Vf*i  »^  »tt  ri>    1 1 V.  f  V/'v  /  ^  /,<  K  .  I .  '#.*;/'//  uhi}ii  ai  i  •!   /*  fhiZ'  nn  i(*.j<  hih»',  * ,  - 
ItrfHs.     They  are  i^»n<i  lere-l  as  iTi-li«-ating  a  Jurassic  age  for  alli>i[ 
the  >t  rat  a  which  contain  tin  in:  of  ii:i>,  li-tw  ever,  there  mav  1h'    si 
que>tion.  >ince  I'onnN  iiKt.ii-:!^  wiT'".  ^r  allied  to,  many  of  tlioi-s.  ■< 
ileMM'ibi  «1    have   lui  n   "»''-i;ii:.el    :vi«]u   t'lic   Rhselic   beds  in  othc_--^T 
pariN  ot  tile  world.     \*.  h  »wt\ty,  tin-  Rli;».'iio  is  to  be  consi^len?-      A 
as  the  baM'  nt'  tiu*  .lura*->;o  >y'.Trm,  a]»«l  not  Tria>>ic — a  view  wliii—  ^^^'^ 
i>  ixainin:;  i:rfiind  ih  Ki;r'i'i — 'iitri   K.r.i  Ik-  «••  .iliiecii<»n  made  t    s^^ 
thi^  conclusiiUi. 

The  ou\\  ;lii::g  \\]\\s-]  '••  .|  lirr^  v.  •!:  -c  n'lionj  tlu-  .Turassie  planr^  ^ 
is  ihe  larire  fro:i.l  tiji^nd  0!i  V.Mr  ri\,  Fiij.  i,  reiianled  bv  Her"*  " 
St'henk  as    ^  V./rv-y.?'   />'.  !•  .:    \v;.i  i.   w;i:>  ihi'  ciiaracteiistic  ri'u>"'- 
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tangnlar  nervation  of  the  genus.  The  pnncipal  nerves  are  dichoto- 
mouiily  forked,  and  it  seems  more  likely  that  the  fragment  repre- 
sents a  new  species  of  DietyophyUum, 

A  notice  of  this  elegant  volume  would  be  incomplete  without 
reference  to  the  exhaustive  study  by  Schwaijjer  of  the  Carbtmifer- 
ous  Foraminifera  of  l-hina  and  Japan.  T^hese  form  "Fusulina 
limestones  "  in  the  Old  World  as  well  as  in  the  New,  composing 
in  China,  as  in  Kansas,  Utah  and  California,  the  greater  part  of 
strata  many  feet  in  tliickness.  As  in  America  these  singular 
bodies  are  sometimes  fusiform  and  sometimes  spheroidal.  For 
the  former  the  old  name  of  Fhisulijui  is  retained,  and  the 
spheroidal  ones  are  made  to  represent  a  new  genus,  for  which  the 
rianie  Schtcageritui.  is  chosen  by  Moller.  These  are  illustrated 
by  four  plates  and  nearly  a  hundred  figures,  many  of  which  are 
bighly  magnified  sections,  which  will  be  useful  for  comparisons 
'i^itli  Nitmmulites  and  with  the  supposed   organic   structure  of 

^^OZOOn.  J.    S.    NKWHERKY. 

^*  Note  on  Professor  R,  J).  Irving^s  paper  on  the  ParatnorjMc 

^^^gin  of  t/i£  /lornbl^ide  of  the  crystalline  rocks  of  the  Nortlir 

^^tern   States;   by  M.    E.    Wadsavortii.      (Communicated.) — 

^>i»ce  Professor  Irvnig's  paper  in  the  July  number  of  this  Journal 

**-Ppoars  to  imply  that  no  one  except  Dr.  Wichmann  has  ever 

^^idied  microscopically  the  rocks  of  the  Marquette  district,  and 

5**^  One  except  himself  advocated  the  secondary  origin  of  the  horn- 

^«  eo.de  ill  the  "  greenstones,"  or  the  eruptive  origin  of  the  diabases, 

^    brief  statement  of  the  facts  is  necessary. 

Ohas.  E.  Wright  published,  in  1B7'»,  descriptions  of  the  micro- 
**^<>pic  characters  of  a  suite  of  Marquette  rocks;*  while  a  more 
^^tieiuded  study  by  myself  was  published  in  IHHO.f  In  my  work 
^■[^^  secondary  origin  of  the  hornblende  in  the  "greenstones"  was 
*^**^t.inctly  advocated  and  the  rocks  classified  accordingly.^  The 
^^■^Arine-bearing  character  of  part  of  the  diabases  was  then  first 
1*^1  nted  out,  and  the  su^)poscd  serpentine  of  Presque  Isle  was  first 
^■^oinrn  to  be  a  peridotite  of  the  Ihcrzolite  variety ;  also  the  tra- 
^*^y  tic  and  rhyolitic  nature  of  the  Keweenaw  felsites,  since  advo- 
^^t-cd  by  Irving.  The  eruptive  origin  of  the  diabases  as  held  by 
^l^ssTS.  Foster  and  Whitney  was  also  clearly  proved  by  figures 
^"ticl  sections. 

Since  we  agree  on  these  points  and  since  a  copy  of  my  pub- 
*5slie<l  paper  was  sent  him  at  his  special  request,  it  is  difficult 
"to   understand  why  Professor  Irving  should  ignore  my  work,  an<l 
l>vil>lish  the  same  views  as  original  with  himself. 
Cambridge,  Mass.,  July  10,  1883. 

7.  Earthquakes  of  September  1,  1882,  in  Vtntnd  America, — 
A.  letter  from  Mr.  A.  Ernst,  of  C/nracoas,  in  the  July  number  of 
this  Journal  calls  attcMition  to  an  i*rror  in  my  hx^l  Notice  of 
American  Earthquakes  (p.  857,  iMay,  1883).  He  states  that  this 
earthquake  was  not  fi'lt  at  (^'araccas  as  stated  by  mr.     The  state- 

*  Oe«l.  Mich.,  18T3,  ii,  1215-231.         f  Hull.  Mus.  Comp.  Zool.,  1880,  vii,  28-76. 
t  *-   c  pp.  37,  :^9,  42,  46,  70,  etc. 
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Tiieiit  was  made  on  the  authority  of  an  aiticle  iu  the  Atlantic 
Monthly  (Mardi,  1883,  p.  397),  describing  the  personal  experience 
of*  the  writer  (11.  I).  Warner),  in  an  earthquake  occurring  at 
•J.'JO  A.  M.,  Septenihor  7.  The  year  was  not  jjjiveii,  but  it  was  a 
natural  inference  that  it  referred  to  the  shock  felt  in  adjacent 
districts  at  3/20  a.m.,  September  7,  1882.  On  looking  again  at 
the  article  I  see  that  it  mifjht  refer  to  some  previous  year,  and  I 
I^resume  that  is  the  fact.  Probably  Mr.  Ernst  could  tell  what 
year  it  was. 

The  correction  needed  to  the  notice  on  page  357  will  then  be 
to  erase  all  rfference  to  JiJctmdor  and  Vefieziiela. 

May  I  take  this  opportunity  to  say  also  that,  as  inv  notes  are 
necessarily  based  largely  upon  newspaiier  notices,  which  are  not 
always  reliable,  I  shall  l)e  glad  to  receive  corrections  to  my  pul^ 
lished  lists  from  any  persons  who  may  have  better  information ; 
or,  better  still,  I  shall  be  glad  to  receive  and  acknowledge  any 
reliable  notes  sent  me  in  advance.  My  permanent  address  is  as 
below.  C  (t.  Rook  wood,  Jr.,  Princeton,  N.  J.,  U.  S.  A. 

July  13,  1S83. 

8.    Brief  not  ires  of  some  recently  described  minerals. — Emimio 
litk:    Described    by    Igelstrom   as  "occurring   in    i*adiated    aii<l 
fibrous  aggregates  of  very  minute  but  well-formed  crystals.     Thi 
crystals  have  been  examined  by  Bertrand  and  shown  to  be  orth 
rhombic,  and  near  diaspore  in  form,  having  a  prismatic  angle 

128*^  to   130°;    the   planes   110(/),   120  (/-2),   130  (t-3),  010  (/-X) 
cleavage,  perfect  jiarallol  oio.     The  optic  axes  lie  in  the  brach' 
diagonal    section,    the    acute    jiositive    bisectrix    parallel    to    tl~^ 
sl'iorter  lateral  axis,  2  K=8r>".     Hardness,  about  0.     Color,  whil 
becoming  yellowish  on  ex[»osure  to  the  air  from  oxidation  of  tl 
iron.     Infusible,  and  does  not  decrepitate,  and   very  slightly, 
at  all,  ntt:icke<l  by  acids.     Two  atialyses  gave — 

.Si<)..  AljO;,  MffO,  CiiO,  j'VO  HaO 

I.       :>r7(i  :n  .'►2  4-«;f)  12-18— ion 

■2.       n  Hu  'x\m  3-70  i2Si=HKj 

These  results  th(*  author  corrects  for  the  10  |>.  <!.  gangue  intermix  ^j^i 
and  obtains 

SiO,  A1,0,  MkO.  CaO,  Feo  If.O 

V ' 

ff 

1.       r>2:?  itof)  :{-i  xw-h 

2.  ISs  \V,\-S  WW  MO 


The   mineral   is  essentially  a  hytlrous  silicate  of  alumina,  1  >i\t. 
owintr  to  tlu>  impurily  of  the  material  analyzed  the  exact  comix  >- 
sition  must  Ik*  rcucanh'd  as  very  douiilful.      It  occurs  mixed  w  i  t  U 
cyanite   and   in   cavities   in   schistose   <hunounte   and    in    quartan; 
from  the  lIorrs)ol)erg,  W(?rniland,  Swi'den. —  Bull.  Soc,    jfln.^     '^"^ 
10,  18s:{. 

I(;KLsTKi».urrK,    SiLKUKUtjrrK   and    MAN<;ANiiKi)KNnKR<;iTK     s^-   rv 

nianiranese   miiu'rals,  described    bv    Mnis    Weibull,   from   Vest** .'v- 

Silfberg,  in  the  Norrbiirke  parish,  Sweden,     Igelstromite  occ  ii —  vis 
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in   grayish-black  crystalline  masses  of  irregular  texture,  some- 
times almost  homogeneous,  and  again  mixed  with  a  carbonate 
of  lime  and  manganese,  and  magnetite.     Cleavage  in  two  direc- 
.  lions,  making  an  angle  of  131     with  each  other,  and  a  third, 
indistinct,  at  right  angles.     Specific  gravity,  4*17.     Luster,  vitre- 
ous to  greasy.     Translucent  with  yellowish  color.     An  analysis 
gave — 

SiO,  FeO  MnO  Mgo  CaCOs 

29-94  .  46*88  1883  3-01  ri4=99-80 

Tliis  corresponds  to  the  chrysolite  group,  the  mineral  being 
intermediate  between  fayalite  (Fe^SiOJ  and  knebelite  FeMnSiO^, 
it  having  the  ratio  of  Fe :  Mn=2 : 1 .  The  same  mineral  has  been 
previously  described  by  Igelstrom  under  tl^  name  of  knebelite, 
of  which  it  is  properly  a  variety.  (The  name  igelstromite  has 
been  used  by  Ileddle ;  see  3d  Append.  Syst.  Min.,  p.  99.) 

Mfbergite  is  a  honey-yellow  mnieral  resembling  actinolite.  It 
occurs  in  bladed  crystals  and  crystalline  aggregates  showing  two 
prismatic  cleavages  like  hornblende,  also  in  nearly  compact 
masses.  Luster,  vitreous.  Hardness,  5-5,  and  specific  gravity 
3 "446.     Translucent,  slightly  dichroic.     An  analysis  gave — 

SiO,  FeO  MnO  MgO  CaO  ign 

(I)    48-83  30-49  834  839  1*74  0-44=98-23 

This  brings  it  near  anthophyllite,  from  which  it  seems  to  differ 
only  in  its  percentage  of  manganese.  Silfbergite  occurs  with  the 
above  described  igelstromite. 

3Ii.tn<janhed€nhergit€  is  a  grayish-green  pyroxonic  mineral,  very 
near  hedenbergite,  but  characterized  by  its  containing  a  few  per 
cent  of  manganese.  Hardness  5,  and  specific  gravity  3*65.  An 
analysis  gave — 

SiO,  FeO  MnO  CaO  MgO  Na^O,  K,0 


48-29  24-01  6-47  17-69  283  0-22=99-51 

Together  with  the  above  minerals  three  other  manganesian 
species  are  described,  a  manganese  garnet,  a  carbonate  of  lime 
aii<l  manganese,  and  wad. —  Geol.  JP^r.  F&rh.^  vi,  499,  1883. 


III.  Miscellaneous  Scientific  Intelligence. 

1.    A    visit  to    Ceylon^  bv  Ernst   IL+:ckkl.      Translated    by 
C:^Iara  J^ell.     338  pp.'Svo.     fioston,  1^83.     (S.  E.  ('assino  &  Co.) 

Hajckel,  in  this  book  of  travels,  is   not  the  investigating  and 

tliooriziug  biologist  which  his  name  brings  before  the  mind,  but 
f  lie  rnan  of  general  culture — science  not  excluded — finding  delight 
"J  nature  and  in  the  people  about  him,  as  new  scenes  opened  to 
"^'lew'  ill  his  journeyings.  Ilis  descriptions — which  embrac^e  all 
■viiicls  of  subjects  that  suggest  themselves  to  an  observing  travel- 
^■"^  and  much  that  only  one  with  an  eye  <{uiekenod  by  science 
oiild  see— are  always  excellent  and  often  amusing.     The  tropi- 
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crtl  tbrests  and  laiidsc^apes,  and  the  coral  ami  otlier  Rcciicry  of  the 
watois,  gave  him  great  plea^Jure,  aihi  the  reader  derives  much  of 
tliat  pli?asiire  from  the  perusal  of  his  glowing  but  never  over- 
drawn sentences.  The  volume,  in  its  English  dress,  is  an  attrac- 
tive one  in  all  resj>ects,  and  not  the  least  so  for  the  portruiture  it 
gives  througli  its  ])ages  of  the  emincMit  hiologist. 

2.  Handhuoh  tier  Klhnatolntjie  ;  von  Dr.  Juuuh  Hanx,  Direk- 
tor  i\k^r  met.  Zentralanstalt,  und  Professor  an  der  Univ.  in  Wien, 
etc.      704   j.p.    8vo.      Stuttgart,   1883:    (J.    lijngi^lhorn).  —  This 
volume  is  one  of    the  series  constituting   the   JBibliothek  Geo- 
graphischer  llandblleher,  edited  by  Professor  Dr.  F.  liatzel,  and 
several  eminent  collaborators.     It  is  a  valuable  work,  giving  iu 
compact  form  a  large  amount  of  information  in  regard  to  the  cli- 
mates oi'  the  ^lilTerent  parts  of  the  earth.    It  oi)ens  with  an  intro- 
duction devoted  to  a  statement  of  the  various  climatic  elements  ^ 
that   is,  the  temperature  and  its  changes,  the  hnmiditv  of  th^ 
atmosphere,  and  the   precipitation   of   rain,   snow   or   dew^   th^^ 
chuids  and   fog,  winds,  atm(»8pheric   pressure,  evaporation,  an^l 
composition  of  the  air.     The  work  proper  is  divided   into  t\*"  ^^ 
parts,  the  first   containing  a  discussion  of  general  climatolo^^. 
considered  under  the  two  heads  of  the  solar  climate^  or  the  cl|. 
mate  of  the  earth  as  determined  simply  by  the  amount  of  sols^^ 
radiation  and  the  character  of  the  earth's  atTiios]d)ere.      Tlie  sch*. 
ond  head  is  the  pfnjsical  clhiuite^  or  the  actual  terrestrial  climate 
as  influenced  by  the  modifying  causes  of  the  varied  character  of 
the  earth's  surface,  of  land  and  water  with  the  accompanying  cur. 
rents  of  air  and  sea,  and  the  unequal  altitudes  «»f  different  parts 
of  the  earth  above  the  >ea  surfa<-e.     Under  the  secon<l  head  the 
characteristi«->  \A   land   and  sea  climate>  on  the  «)ne   hand  and  of 
the  mountain  climate  on  tin*  other,  arc  discussed  at  length.     This 
portion  of  the  work,  comjiri^ing  about    one-sixth  of  the  whoJe 
contains  much  useful  matter  ;  the  causes  of  the  varying  teniju-ra- 
ture   «»ver   lainl   and   sea,  the  influence   of   tlie  continents  on  the 
mMi>Ture  of  the  atmosphere  and  the  amount  of  precipitation,  the 
influence  of  the  land  on  the  wind  in  the  different  seasons,  the  in- 
flui'iiee  of  ocean  curreiits  »m  the  climate,  of  mountain  chains  wyun 
tile  preeij'itatiMn   itf  rain  or  sn«iw  are  some  of  the  topics  which 
are  di«*eu>'.td.      The   seconil    jtart    ^f  the  volume  is  devoted  to 
special   eiimaTnliigy   nr   the    tlfsrrij'tion    of    th«'   climate   of  the 
ditTen-nt  part**  of  tlu*  earth,  first  for  trr»]»ical  regi<nis,  then  for  the 
li'iniMrati'  Z"nr<,  ainl  final! v  for  intjar  n-irion-.     'Hie  considerable 
spaci\  upwariK  I'f  .>on  page**,  given  to  this  portion  ai  the  suhjwt 
all«»uv   ♦hi/   aMtl:tir  ?••    present    the   rlimati*^   pei'uliarities  of  the 
vari'Mi^  rt-iT'"!'"  in   eiin>iii»'rab]e  dt-tail.  an^l  whether  tlie  readier  is 
inTvrt-.ti-l  ill  *1m-  ir-"I«l  «'ia>*t  t,f  ATrir:i,  in  Alaska,  or  the  Sandwiir\i 
Klaiids,  i.»    will   tiii'l   \\vT*'  a  trooif  nummary  of  tlur  re»»ults  of  ji:is\ 
obsrrva:  :■':.**. 

y.  ■.>./•»•;     •    ll'^.ls   //  ../   .V' ///'/••//>  .*   by    .1.  (  ".  MaVNAKP.      112  ps^« 

Ijmo,  \*i':    illii<traii«-ii-.      IJiMon,  1  **?''.     (S.  K.  Ca^isino  &  Co.)- 
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The  author  gives  his  facts  and  advice  briefly  as  well  as  clearly,  and 
leuce  brings  the  whole  within  a  comparatively  few  pages.  The 
vork  takes  up,  in  order,  the  subjects  of  collecting  by  trapping, 
(hooting  and  in  other  ways;  skinning  and  preserving;  making 
^kins — under  which  head  varying  directions  are  given  according 
lothe  tribe;  labelling,  mountmg,  etc.  Birds  are  first  considered, 
and  after  these.  Mammals;  and  much  more  briefly.  Reptiles, 
Ratra<'.hians  and  Fishes. 

4.  Dredging  in  1880  by  the  U.  tS,  Coast  Survey  Steamer 
Blake:  Meport  on  the  Ophiuroidea ;  by  Theodore  Lyman.  Vol. 
x,No.  6,  of  the  Bulletin  of  the  Museum  of  Comparative  Zoology, 
pp.  227-286,  with  8  plates.     Cambridge,  May,  1883. 

5.  Royal  Society, — Professor  Huxley  has  been  elected  Presi- 
dent of  the  Royal  Society,  in  plae-e  of  Mr.  Spottiswoode,  deceased. 

(J.  Professorship  of  Chemistnj  in  the  University  of  Virginia, — 
A  circular  letter  from  Dr.  James  F.  Harrison,  Chairman  of  the 
Faculty  of  the  University,  states  that  an  election  to  fill  the  Chair 
of  Chemistry,  including  General  and  Industrial  Chemistry,  made 
vacant  by  the  resi^iation  of  the  ^iresent  incumbent,  will  be  held 
by  the  Board  of  v  isitors  of  the  University  of  Virginia,  on  the 
lith  of  September,  1883.  The  salary  of  the  Professor  will  be 
$3,000,  payable  in  three  equal  parts,  on  the  16th  of  October, 
January  and  April,  respectively,  with  a  commodious  house,  re- 
cent! v  built  and  provided  with  modern  conveniences,  rent  free. 
Applications,  with  testimonials,  must  be  addressed  to  "  The  Rec- 
tor and  Visitors,"  P.  O.  University  of  Virginia,  Albemarle  County, 
Virginia, 

7.  American  Association, — The  thirty-second  meeting  of  the 
American  Association,  to  be  held  at  Minneapolis,  will  open  on  the 
15th  of  August,  under  the  presidency  of  Professor  C.  A.  Young, 
of  Princeton.  A  list  of  the  officers  of  the  meeting  is  given  in 
volume  xxiv  of  this  Journal  on  page  304.  The  rooms  of  the 
Association  will  be  at  the  State  University.  Professor  N.  H. 
Winchell  is  the  Secretary  of  the  Local  Committee,  and  from  him 
the  circular  of  this  committee,  giving  hotel  charges,  a  list  of  the 
railroads  (twenty  or  more  in  number)  which  will  give  reduced 
rates,  and  other  information  of  yalue  to  the  members,  can  be 
ohtaincd.  An  illustrated  guide  to  the  city  of  Miimear[)olis  will  be 
distributed  to  the  membei-s. 

Express  packages  containing  apparatus,  specimens,  maps,  books 
and  other  articles  designed  for  use  in  the  meetings  of  the  Associa- 
tion, will  be  forwarded  by  the  American  Express  Company  and 
delivered  free  of  charge  at  the  State  University.  They  should 
be  addressed  to  the  rare  of  Professor  J,  A,  Dodge^  to  whom  all 
correspondence  relating  to  the  same  should  be  sent. 

All  matters  relating  to  membership,  the  presentation  of  papers, 
payment  of  assessments,  etc.,  and  business  to  rcune  before  the 
Association  will  be  attended  to  by  the  Permanent  Secretary  at 
^dein^  Mass.,  up  to  August  ^th  ;  and  after  this  date,  until  the 
adjournment,  at  the  Nicollet  House,  Minneapolis.     Professor  Put- 
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nam  ref":»n<  tfiiit  l»y  tlie  treiierofiity  of  General  William  Lilly, 
Xa*hvi!K-  v.-.](:nie  ot'iiu*  I^roeeediiigs  has  been  reprinted,  aii<i 
liit  lil- r-jlhy  n^i  .mother  member  the  St.  Louis  volume  is  i 
\nrhyz  reyrlntoL  while  the  several  smaller  gifts  of  a  numbei 
memh«ers  wiJ!  '?««•  reld  until  a  sufficient  sum  is  subscribed  to  rej> 
\oiunie  :^.  Ti.-r  copies*  of  volume  24  are  noAV  nearly  exhaui 
an-i  fr^nrer  ^'iV-TH-riptions  to  the  reprinting  fund  are  greatly 
<irev  i\-T'>:>  '■':"  i,  24  and  27  will  be  received  in  exchange 
oihrr  \  v:'-j.:ac<.  •.  r  for  assessments  at  the  rate  of  a  dollar  a  voln 
Mt:::v^rs  .\i:i  vVMupIete  their  sets  of  Proceedings  at  the  rat 
..-■i-e  d.-l's-  i  volume,  if  ten  or  more  volumes  are  ordered  at 
l;::.i  :  7»--  It-r  u-\\  volumes  the  price  is  151.50  a  copy.  The  quj 
!uon:o:r  ..  ■:  Fossil  Kuiterflies  by  S.  H.  Seudder,  printed  by 
d»v  sti  ■••  :*  ^l^s.  Elizabeth  Thompson,  is  furnished  by  the  Asso 
tit-n  at  #-.'■»»  a  copy;  the  Transactions  of  American  Geolop 
aiid  N.-itunilist^,  >iA-o'  1S43,  at  #3.00  a  copy. 

LiKrul  arnmgvmenis  are  made  for  the  Association  at  Mil 
aivlis,  and  it  is  eontidently  expected  that  the  meeting  will  b 
hin^e  one. 

Obitiarv. 

Sir  KmvAKi*  Sabink,  K.C.B.,  died  on  the  25th  of  June,  m 
i»:>ili  year.  General  Sabine's  name  is  known  in  science  ir 
prv^minemly  thrvnii^h  his  two  long  series  of  observations  and 
oussion^  oonueettsl  with  terrt»sirial  magnetism  and  the  pendul* 
lv»th  series  won*  begun  over  sixty  years  since,  after  voyages 
lite  Aretie  with  Sir  John  Ross  and  Sir  Edward  Parry,' and 
former  was  eontinue\l  until  1S72,  in  which  year  ap])eared  a  pa 
iji\i!:^  a  maiinetieal  survey  of  the  North  1  olar  regions,  to  so 
a<  a  v-oM:panion  tv»  the  survey  of  the  South  Polar  region  which  ' 
alr\ad\  appeaivvl.  i^eneral  Sabine  discovered,  simultaneoi 
wiili  \Voi!  and  Gautier,  the  connection  between  unustial  magn* 
di^turbauivs  and  «anj:e  divlination,  and  the  year  or  time  of  m; 
tniitn  SUM  >jvt^.  His  eltvtion  to  the  Royal  Society  took  place 
ISIS,  wlieii    in    his  'iOth  year.     In   1821,  he  received  from  it 


wkw  k»*    ina!!\    \ears  under  his  control. — From  a  biography 
\\  ti ! :  vxi  Si\»rv:s\vooi»K,  Pn^sident  of  the  Royal  Society, 


vwm  :i^   i  su.itl'AtuatiiMan  and  physicist,  and   a  scholar  also 
oMv  'i'.,*:  .i-'xl  .^ti'^r  .anijuages.  diet!  on  the  27th  of  June.     He  " 
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Abt.  XIX. —  On  the  Existence  in  both  Hemispheres  of  a  Dry  Zonej 

and  its  cause;  by  Arnold  Guyot. 

(BmuI  before  the  Natiooal  Academy  of  Sdeocef  Nov.,  1882.) 

Of  the  two  elements  of  climate  indispensable  to  vegetable 

and  animal  life,  temperature  and  moisture,  it  is  well  known 

that  the  distribution  of   the  latter  is  subject  to   the  greatest 

irregalarities.     While  the  average  annual  temperature  in  each 

place  varies  but  a  few  degrees,  from  year  to  year,  the  quantity 

ot  rain  at  the  same  place  may  differ  from  one  year  to  the  other 

by  one  quarter  or  even  one  half.     In  tropical  countries  where 

the  temperature  is  almost  constant,  the  quantity   of  aqueous 

precipitation  shows  the  greatest  extremes ;  for  here  we  find  both 

the  rainless  districts  as  well  as  the  most  abundantly   watered 

regions.     These  irregularities  render  it  all  the  more  desirable 

that  some  general  law  should  be  found  which  may  aid  us  in 

patting  order  in  this  apparent  disorder,  and  in  understanding 

the  causes  of  these  extraordinary  variations. 

One  of  the  general  laws  already  recognized  is  that  the  quan- 
tity of  rain,  on   the  whole,  decreases  with   the  temperature, 
ihat  is,  from  the  equatorial  belt  toward  the  poles.     This  was  to 
be  expected  since  the  warmer  the  air  the  greater  is  its  capacity 
for    holding  vapor.     If    the  average    quantity  of  rain  within 
tUe  tropics  is  from  90  to  100  inches,  it  is  only  60  on  the  30th 
pa-rallel,  40  on  the  40th  parallel,  20  on  the  50th    parallel,  10 
*Qc3  less  in  the  polar  regions.     This   general   law,    however, 
periences  a  remarkable  interruption  a  little  beyond  either 
opic,  where  the  quantity  of  rain  is  suddenly  reduced  to  a 
inimum,  while  on  the  equatorial  side  of  that  oelt  we  find  the 
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abundant  summer  rains  of  the  tropical  climate,   and    on  the 
polar  side  the  copious  winter  rains  of  the  warm  temperate  re- 

f;ion8.     The  result  of  this  scarcity  of  rain,   in  these  particular 
ntitudes,  is  apparent  in  the  existence  of  a  series  of  ary  lands 
which,  nearly  all,  are  among  those  enumerated  in  the  paper  of 
ProfosHor  Loomis.  just  read,  as  having  a  fall  of  rain  oelow  10 
inches.    (Sec  this  Journal,  Jan.,  1883.)    I  have  shown  elsewhere 
— in  my  rhysicnl  Geography,  page  90 — that  these  dry,  parched 
tracts  form  two  bells  around  the  globe  ;  two  dry  Zones^  on  both 
sides  of  the  tmpios,  containing  most  of  the  so-called  deserts  of 
the  world,  in  which  the  regime   of  the  rains,  as  well  .as  their 
quantity,  dilVers  from  that  of  the  neighboring  climatic  regions. 
As  this  fact,  however,  does  not  seem  to  have  been  fully  recog- 
nized, })orhups  for  the  want  of  a  sufficient  development,  I  beg 
leave  to  again  call  the  attention  of  the  Academy  to  it,  and  to 
indicate  in  a  few  words,  what  I  believe  to  be  the  cause  to  which 
this  remarkable  phenomenon  may  be  referred. 

The    Northern    zone  of  dry  lands  extends   in  width  from, 
about  24^  to  82°  N.  lat.     (See  Loomis*s  map  of  rains,  in  thi^. 
Journal,  vol,  xxv,  January,  1883).     In  the  New  World  it  be- — 
gins  at  the  west  with  the  peninsula  of  Lower  California ;  thenc^^ 

rttssing  thn>ugh  Arizona,  New  Mexico  and  Western  Texa^^^^ 
u  all  those  landjs,  extending  for  nearly  a  thousand  miles  froi 
west  to  tMist,  the  annual  fall  of  rain  remains  below  ten  inche: 
and  gtx\^  down  to  two  and  three  inches,  while  in  some  years  tl 
rain  fails  entiivly.  Farther  east,  in  the  same  latitudes,  h  ^ 
oausOvS  to  bo  mentioneii  heroiifter,  give  abundant  rains  to  tk_^^ 
valloy  of  tho  Mississippi  and  Florida. 

In  tho  Old  World  the  dry  zone  occupies  the  very  center      ^^^ 
tho  Givat  Sahanv  where  tlie  absence  of  rain  is  nearly  comply t^ 
vni  a  length  of  8.2(.H^  milos,  and  is  considerably  increased      ijj 
widths      Thonoo    it  crosses  the  central  part  of   Arabia  on        q 
lino  of  KUH^  miles,  passes  thrvnigh  the  dry  plateau  of  Eastern 
Poi"sia  and  ReUxx-histan,  and  roaches,  beyond  the  Indus,  t:be 
vWort  ot  Thurr,  after  a  ^.vurse  of  another  one  thousand  miles, 
makiux:  loiioihor  a  tract  of  5,5i.H^  miles  of  dry  lands^ 

Farilu'^r  oast,  as  in  the  New  World,  local  causes  bring,  in  the 
S5UU0  laiitudt^  abundant  n\ins  which  mask  the  influence  of  the 
^ononil  cause  of  drvuoss,  jis  it  will  presonily  be  shown. 

In  :ho  Southern  honiisphon?  tho  dry  zone  is  strongly  marked 
\>u  tiio  w^^;  slofx*  of  tho  Andes.  It  is  well  known  that  all  tti  <« 
cv>asi  v^f  IVr.i  *anxi  Tinua  Parina  o^'  S,  L.io  X.  Chili  SO"*  S. 
is  a  ni:nU"s*  rx*v:iou  :  bui  i:  woulvi  In?  a  mistake  to  believe  thj 
iho  *:ruc\s;^?oro  is  wAruiv.c  in  moisture  in  all  that  extensi^ 
viistric;.  AV.  aloug  the  Porviviaii  v^\^as:.  though  owing  to  specii 
c:rv*uius:3i::co?.  no  v.vndo::sauou  rakes  place  nemr  the  seashoi 
sutfecieut   to  paviuce   nun,    the   thick   winter  fog,   called  th^  -^ 
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'Oaroa,  furnishes  moisture  enough  to  render  all  hills  and  pas- 
tures green  with  verdure.     In  the  latitude  of  the  dry  zone, 
however,  from  20°  to  80°  S.  lat,  in  the  desert  of   Atacama, 
about  the  tropic  of  Capricorn  the  atmosphere  is  not  only  rain- 
less but  perfectly  dry.    Even  on  the  coast  of  Chili,  Copiapo,  27° 
S.  lat,  receives  only  0*32  inch  of  rain,  La  Serena  in  Chili  0*5 
inches.     In  the  same  lat.  on  the  east  of  the  Andes  the  plains  of 
the  ^Pampas   are   subject   to  great   droughts.      The  gran-seco 
(great  drought)  of  nearly   three  years   duration,   which  took 
place  in  this  century,  is  still  remembered  as  having   cost  the 
life  of  millions  of  cattle  which  came  to  die  along  ihe  few  river 
coarses  which  had  retained  some  water ;  leaving   their  bones 
accumulated  just  as  the  fossil  bones  of  the  Quaternary  mam- 
nials  are  now  found  in  the  Pampas. 

In  the  same  latitudes  in  Africa  the  Kalahari  Desert  extends 
over  the  whole  western  half  of  the  continent  and  beyond.  In 
Australia  the  dry  zone  passes  from  west  to  east  through  the 
verj  center  of  the  continent  between  the  summer  rains  of  the 
tropics  and  the  winter  rains  of  the  more  southern  latitudes, 
^ith  the  exception  of  a  narrow  strip  of  the  eastern  coast  which 
^s  watered  by  the  winds  from  the  sea;  condensing  rather  scanty 
an<3  irregular  rains  on  the  Blue  Mountains  and  the  Australian 

The  existence  in  each  hemisphere  of  a  dry  zone  in  the  sub- 

^'^c>pical  latitudes  may  thus  be  considered  as  a  fact  for  which  a 

^^xase  must  be  found.     On  the  other  hand  it  is  true  that  both  in 

^^^^  northern  and  southern  hemispheres  notable  interruptions 

^**^  found,  and  it  is  to  be  remarked  that  they  are  all  on  the 

^^^^tem  side  of  the  continents.     In  America  from  eastern  Texas 

^-»^^ng  the  gulf  to  Florida  the  latitude  of  the  dry  zone  has  an 

^tfc  \indance  of  rains.     In  the  Old  eWorld  from  the  Sind  desert 

?J^i^r  the  Indus  through  both  Indian  peninsulas  and  Southern 

^  t^ina,  the  lands  in  the  latitudes  of  the  dry  zone  are  still  mor« 

^'^ntifully  watered.     In  the  southern   hemisphere  the  eastern 

^  ^^If  of  South  America  and  South  Africa  and  the  eastern  coast 

^^^  Australia,  though  moderately  supplied,  are  not  wanting  in 

in,  especially  near  the  sea.     This  apparent  anomaly  also  has 

be  accounted  for. 

As  among  the  causes  which  govern  the  aaueous  precipita- 

r^^Dn  the  course  of  the  winds  occupies  the  first  place,  I  am 

xjlined  to  think  that  a  close  consideration  of  the  normal  move- 

^nt  of  the  atmosphere  in  the  latitudes  of  the  dry  zones  will 

^count  for  the  above  mentioned  facts. 

These  winds  belong  to  two  classes.     In  the  first  are  those 

liich  form  a  part  of  the  general  circulation  of  the  atmosphere, 

mlting  from  the  spherical  form  of  the  globe.     In  the  other 

winds  mainly  due  to  the  relative  distrioution  of  continents 
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and  oceans  and  participating  therefore  in  the  nature  of  the  mo 
soons.     To  the  nrst,  I  believe,  the  scarcity  of  rain  in  the  d 
zones   must  be  attributed;    to  the  others  the  abundance 
rain  in  the  well- watered  portions  of  the  same  zones,  which  ixxU 
rupt  the  continuity  of  the  dry  lands. 

The  operation  of  these  causes  is  as  follows : 

It  is  generally  accepted  that  the  primary  circulation  of  t 
atmosphere,  arising  from  the  difference  of  temperature  betwe 
the  tropical  and  the  temperate  and  cold  regions  of  the  glol 
has  its  origin  in  the  broad  ascending  current  which,  under  i 
influence  of  a  powerful  equatorial  sun,  starts  from  the  belt 
calms.  'This  current  carries  incessantly  into  the  upper  regio 
of  the  atmosphere  vast  masses  of  air  which  overnow  on  bo 
sides  toward  the  temperate  zones,  causing  an  accumulation 
air  about  the  80tb  degree  of  latitude,  enhanced  still  more  1 
the  decrease  of  the  areas  poleward.  This  accumulation 
shown  by  the  existence  of  a  belt  of  high  barometric  pressur 
which  there  reaches  the  maximum  known  on  the  surface  of  tl 
^lobe.  From  this  belt  of  high  pressure  the  air,  as  usual,  divide 
flowing  downward  both  ways.  A  portion  of  the  current  retun 
toward  the  tropics  and  becomes  a  part — perhaps  the  main  pa 
— of  the  trade  winds  and  reascends  in  the  belt  of  caln^s,  mal 
ing  a  complete  circuit,  as  well  shown  by  our  colleague,  Pre 
Ferrel.  The  second  flows  poleward  and  becomes  the  ant 
trades  and  the  southwesterly  winds  characteristic  of  the  tec 
perate  zones.  The  part,  however,  which  each  of  these  bodi< 
of  winds  plays  in  the  condensation  of  rains  is  very  unlike;  tl 
first  brings  drought;  the  second  is  the  principal  source  of  tl 
rains  of  the  temperate  latitudes. 

It  may,  at  first  sight,  appear  singular  that  these  two  branch* 
of  the  same  aerial  current  should  nave  so  different  an  effect  c 
aqueous  condensation.  A  moment's  reflection,  however,  wi 
make  the  reason  clear  and  dispel  our  surprise.  Both  are  d 
Hcendin^  currents;  as  such  they  will  be  dry  winds;  for  a  d< 
Hcciniing  wind  forced  into  a  region  of  greater  pressure  will  coi 
tract;  in  so  doing  the  latent  heat  which  it  has  absorbed  i 
ascending,  reappears  and  increases  its  temperature  and  capacit 
for  iiioisturr,  thus  rendering  condensation  more  difficult, 
not  impossible.  But  when  traveling  farther,  circumstance 
change.  The  equatorial  branches  blowing  toward  warme 
regions,  with  no  chance  to  meet  a  cooler  atmosphere,  los^  a 
X0gulur  causes  for  condensation,  and  the  countries  they  pa^ 
I',  over  remain  dry  and  parched.  The  polar  branches,  howeve. 
traveling  toward  cooler  latitudes,  their  relative  humidity  grac 
ually  increases  at  every  step  and  rain  will  soon  ensua 

Moreover   both  currents  gradually  diverging  toward  oppc 
iite  <iuartert,  before   they  reach  the  ground,  leave  betwee 
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them  a  neatral  zone,  where  the  motions  of  the  air  will  be  few 
and  irr^ular,  forming  the  sab-tropical  calms,  or  horse  lati- 
tades,  where  ascending  currents  or  cool  winds,  which  might 
bring  rains,  are  almost  impossible.  Wherever  such  conditions 
are  found  a  dry  zone  is  sure  to  appear.  Thus  the  existence  of 
dry  zones  in  the  latitudes  above  mentioned  is  not  an  accidental 

f)henomenon,  only  due  to  local  causes^  but  it  depends  upon  the 
aws  of  the  general  circulation  of  the  winds. 

If  it  be  so  it  is  evident  that  modifications  in  that  system  will 
affect  the  position  of  the  dry  zones.  The  southern  zone,  for 
instance,  is  somewhat  nearer  the  tropic  for  the  reason  that  the 
middle,  or  central  line,  of  the  belt  of  calms  is  on  the  north  of 
the  equator,  removing  the  whole  system  of  trades  and  anti- 
trades toward  the  north,  an  effect  due,  no  doubt,  to  the  pre- 
dominant extent  of  the  land  masses  in  the  N.  Hemisphere. 

Though  this  cause  of  dryness  in  these  particular  latitudes 
may  be  considered  as  by  far  the  most  efficient,  secondary  causes 
are  not  wanting  which  intensify  locally  the  phenomenon,  or 
give  it  a  greater  extension.     It  is  to  be  noted  that  most  of  these 
desert  regions   are  plateaux,  with  the  exception  of  the  out- 
skirts of  the  Sahara,  the  Indian  desert  (of  Thurr)  and  central 
Australia.     Plateaux  always  increase  the  dryness  of  the  atmo- 
sphere above  them  for  several  reasons.     Those  usually  given, 
such  as  their  distance  from  the  sea,  the  decrease  in  the  supply 
of  moisture  owing  to  the  condensing  action  of  their  border 
mountains,  are  no  doubt  efficient  causes;  but  they  are  by  no 
means  the  only  ones.     Perhaps  one  of  the  most  active  is  the 
elevation  above  the  sea  level,  into  the  continental  atmosphere, 
of  such  large  portions  of  the  earth  crust.     Their  surface  ex- 
posed to  the  increased  power  of  the  rays  of  the  si\n,  in  a  usually 
clear  sky,  with  •diminished  density  of  the  air,  becomes  strongly 
heated,  keeping  the  air  on  the  plateau  warmer  than  the  air  at 
the  same  level  above  the  neighboring  sea  or  lowlands.     It  is  evi- 
dent that  in  such  circumstances  the  moisture  brought  by  cooler 
winds,  blowing  from  the  sea  into  the  warmer  atmosphere  of  the 
pl.iteaux,   will    have   no  chance  to  condense,   except  on   the 
mountain  chains  which  may  happen  to  break  the  monotony  of 
their  surface,  as  we  see  it  in  the  vast  plateau  region  between 
the  Sierra  Nevada  and  the  Rocky  Mountains. 

The  great  scarcity,  or  even  complete  absence,  of  vegetation, 
the  bare,  or  sandy  soil,  usually  characteristic  of  the  desert, 
favors  in  these  subtropical  latitudes  an  accumulation  of  heat 
^hich  adds  another  element  of  dryness,  and  which  tends  to 
increase  the  breadth  of  the  dry  zone. 

The  rains,  often  quite  abundant,  which  fall  in  the  portions 
^f  the  subtropical  zones  situated  on  the  east  side  of  the  great 
**^nd  masses  and   which  have  been  indicated  above  as  notable 
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interruptions  of  the  dry  zones,  are  due,  not  to  the  general  cur* 
rents  resulting  from  the  spherical  form  of  the  globe,  but  to  the 
powerful  influence  of  the  relative  situation  of  the  great  land 
masses  and  water  areas,  producing  strong  monsoon  winds. 
These  monsoons  are  nowhere  more  marked  than  on  the  south- 
east portion  of  the  huge  mass  of  the  Asiatic  continent,  where 
they  overcome  the  general  wind  circulation,  extending  even 
far  beyond  the  dry  zone,  as  Woeikoff  has  shown,  at  least  as 
far  as  Japan.  In  North  America,  owing  to  the  triangular  form 
of  the  continent,  its  largest  portion  is  in  the  north.  This  ex- 
tensive land  area  being  overheated  during  the  summer,  the 
southwest  returning  trades  are  deflected  during  the  warm  sea- 
son toward  that  region  of  greater  heat  and  low  pressure,  and 
are  changed  into  the  south  winds  which  prevail  at  this  time  in 
the  valley  of  the  Mississippi  and  brin^  from  the  warm  waters 
of  the  Gulf  and  the  soutneast  Atlantic  the  abundant  vapors 
and  the  summer  showers  which  greatly  increase  the  average 
amount  of  rain  in  that  region. 

Thus  is  explained  the  anomaly  observed  in  the  eastern  third 
of  the  continent  of  North  America,  namely  that  contrary  tc 
the  usual  law,  the  amount  of  rain  on  the  same  parallel  instead 
of  diminishing  from  the  coast  toward  the  interior,  rather  in- 
creases to  a  distance  of  a  thousand  miles  from  the  sea-shore. 

Only  a  few  words  more  on  the  name  of  the  different  zone& 
of  rains  mentioned   in  this  paper.      It  has  been  usual,  for  a. 
considerable  time,  to  call  the  region  of  the  winter  rains  the  siib- 
tropical  rain-zone.     As  these  rains  very  often  extend  as  far  as 
the  40th  parallel,  as  in  California  and  elsewhere,  while  they  do 
not  reach  the  region  of  the  alternate  tropical  summer  rains,  the 
name  subtropical  seems  rather  to  be  a  misnomer ;  the  dry  zones, 
as  above  defined,  are  really  the  true  sub-tropical  zones.     From 
the  equator  northward  we  would  thus  have  1st,  the  equatorial 
zone  of  daily  rains ;  2d,   the  zone  of  alternate  tropical   rains 
and  dry  seasons:  3d,  the  subtropical  or  dry  zone;  4th,  the 
zone  of  winter  rains  and  dry  summers  proper  to  the  warm  tem- 
perate regions  ;  6tb,  the  zone  with  prevailing  equinoctial  rains^ 
or  the  temperate  regions;  6th,  the  zone  of  prevailing  summer 
rains  and  cloudiness,  or  the  cold  temperate  region.     Though 
these  zones  somewhat  vary  their  position  in  latitude,  accord- 
ing to  local  circumstances,  they  can  always  be  recognized,  and 
they  agree  with  the  average  distribution  of  temperature  and 
with  the  circulation  of  the  winds. 
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Art.  XX. — On  the  Relations  of  Ttmperalure  to  Glaciation;  by 

George  F.  Becker. 

Thb  theory  of  a  Glacial  period  has  always  presented  great 
difficulties.  Agassiz  acknowledged  their  existence  from  the 
first,  and  stated  that  his  hypothesis  seemed  to  conflict  with 
the  apparently  well-established  theory  that  the  temperature 
of  the  earth  is  gradually  and  progressively  sinking.  His 
investigations  led  him  to  the  belief  that  the  decline  in  temper- 
ature was  not  uniform,  but  marked  by  the  occurrence  of  re- 
peated minima.  Dr.  Frankland,  Baron  Sartorius  von  Walters- 
oausen,  Mr.  Clarence  King  and  others  have  pointed  out  that 
to  account  for  the  enormous  accumulation  of  ice  during  the 
Pleistocene,  it  seemed  necessary  to  assume  an  evaporation  much 
more  active  than  that  of  the  present  day,  and  which  could 
scarcely  be  accounted  for  except  on  the  theory  of  the  preva- 
lence of  higher  temperatures.  Prol  Whitney  has  lately  advo- 
cated a  similar  view,  while  the  general  opinion  among  geolo- 
gists has  been  that  to  account  for  the  accumulation  of  ice  in 
question,  a  lower  temperature  was  requisite.  This  view  has 
recently  been  sustained  by  Mr.  G.  K.  Gilbert  in  opposition  to 
the  arguments  presented  by  Prof.  Whitney.  Since  it  is  evi- 
dent that  the  question  cannot  be  ^ttled  without  farther  discus- 
sion, it  is  probably  desirable  to  consider  it  from  as  many  points 
of  view  as  possible.     Of  these  one  will  be  here  presented. 

If  the  sun  and  earth  are  members  of  a  system  now  under- 
going a  uniform  loss  of  heat,  it  appears  certain  that  the  forma- 
tion of  glaciers  must  be  limited  to  a  distinct  period  in  the 
earth's  history.  So  long  as  the  temperature  nowhere  sank, 
even  during  the  winter  months,  as  low  as  the  freezing  point,  it 
is  manifest  that  no  glaciers  could  form.  A  moment's  reflection 
will  also  show  that  a  sufficient  diminution  of  temperature  on 
the  earth's  surface  would  preclude  the  formation  of  glacial  ice, 
for  the  rate  of  evaporation  diminishes  more  rapidly  than  the 
temperature.  The  entire  quantity  of  water  existing  in  satu- 
rated aqueous  vapor  at  a  temperature  of  minus  20°  C.  is  a  little 
less  than  would  be  precipitated  from  aqueous  vapor  of  a  temper- 
ature of  plus  20°  by  a  reduction  of  only  a  single  degree.  Since 
the  precipitation  must  equal  the  evaporation,  the  snow-fall  in 
the  later  stages  of  the  history  of  the  earth  must  therefore 
become  infinitesimal.  The  present  time  lies  between  the  ex- 
treme periods  indicated,  and  it  is  known  by  observation  that 
glaciers  are  in  process  of  formation.  It  is  certain,  therefore, 
that  the  development  of  glaciers  on  a  cooling  earth,  must 
increase  to  a  certain  maximum  and  again  decline. 
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The  formation  of  glaciers  must  be  confined,  under  otherwise 
equal  conditions,  to  areas  lying  between  certain  isotherms.  If 
a  mountain  is  supposed  to  rise  in  a  tropical  country  to  an 
indefinite  height,  a  temperature  will  prevail  at  its  foot  too  high 
to  allow  of  the  formation  of  ice,  and  its  peak  may  be  supposed 
to  stand  at  an  elevation  where  the  cold  is  too  great  to  permit  of 
any  considerable  precipitation.  Dr.  Tyndall  naa  drawn  atten- 
tion to  this  fact  and  pointed  out  that,  were  the  mountains  high 
enough,  there  would  be  an  upper  as  well  as  a  lower  snow  line. 
If  the  earth  is  a  cooling  body,  this  snow  belt  must  gradually  be 
descending  the  hypothetical  mountain  suggested,  and  localities 
once  too  warm  for  the  formation  of  n^v^  must  subsequently 
have  been  occupied  by  this  incipient  form  of  glacial  ice,  an3 
again  have  grown  too  cold  to  permit  of  its  formation.  It  ap- 
pears, therefore,  that  not  only  the  jjeneral  development  of  the 
glacial  system  of  the  earth,  but  individual  glaciers  must,  upon 
the  current  hypothesis  concerning  the  cooling  of  the  solar  sys- 
tem, pass  through  a  maximum. 

The  prime  condition  for  the  formation  of  a  glacier  is  the 
accumulation   in  a  basin  of  a  quantity  of  wet  snow,  greater 
than  will  melt  in  the  course  of  the  season.     The  overflow  of 
this  basin  takes  place  in  the  form  of  the  glacial  stream,  which 
descends  to  a  lower  level  until  a  temperature  is  reached  at 
which  the  melting  is  so  accelerated  that  the  combined  fusion 
and  evaporation  reestablish  the  equilibrium  between  dissipa- 
tion and  solid   precipitation.      As  observations  show  that  both 
the  n6v4  and  the  glacier  maintain  substantially  a  constant  tem- 
perature, thai  of  melting  ice,  it  is  clear  that  both  fluid  and 
frozen  water  are  essential  constituents,  since  otherwise  the  tem- 
perature must  vary.     This  fact  is  also  readily  explained,  for 
the  conversion   of  snow   to  ice,  as  is  well-known,  takes  place 
by  regelation  which,  under  ordinary  pressures,  occurs  only  at 
the  freezing  point     It  is  true  that  the  melting  point  of  ice  is 
lowered  by  pressure,  and  consequently  it  is  conceivable  that 
snow  cooled  below  zero  should  accumulate  at  a  great  eleva- 
tion in  such  masses,  that  the  pressure  upon  its  lower  surface 
would  be  sufficient  to  produce  fusion  and  union  of  the  frozen 
particles  of  ice.     In  nature,  however,  this  process  can  scarcely 
go  on  except  in  the  immediate  neighborhood  of  the  zero  point, 
for  long  before  a  column  of  snow  cooled  even  a  single  aegree 
below  zero  would  be  sufficient  to  produce  this  effect,*  either  the 
pressure   would   be  relieved   by  avalanches  or  the  light  dry 
powder  would  be  blown  away  by  the  tremendous  gales  which 

*  According  to  Sir  W.  Thomson's  experiments,  and  Prof.  Clausius's  computationg 
(Clausius'  Mech.  Warmetheorie,  i,  172),  a  pressure  of  one  atmosphere  depress^ 
the  meliing  point  of  ice  0  00733   C.     It  follows  that  a  pressure  of  about  a  ton  per 
square  inch,  or  many  tliousand  feet  of  snow,  would  be  required  to  reduce  the  • 
temperature  of  fusion  1**. 
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prevail  at  great  elevations  during  the  winter  months.  A  por- 
tion of  the  snow  thus  removed  from  the  higher  parts  of  the 
snow  belt  will  lodge  at  lower  levels  in  n^v6  basins,  and  the 
snow  falling  upon  these  basins  from  the  clouds  at  temperatures 
considerably  below  the  mean  will  also  in  part  be  swept  away, 
and  not  contribute  to  the  mass  of  n6vd  The  actual  precipita- 
tion on  a  n^v^  field  is,  therefore,  not  an  accurate  gauge  of  the 
frozen  wat^  r  which  it  receives. 

While  both  snow  and  rain,  or  melted  ice,  are  essential  constit- 
uents of  the  n^v6,  it  is  evident  that  the  formation  of  the  glacial 
ice  will  not  be  most  rapid  at  the  extreme  lower  edge  of  the 
snow  belt,  for  if  the  heat  received  is  more  than  sufficient  to 
raise  the  frozen  water  to  the  temperature  at  which  regelation  is 
most  easy,  the  excess  of  heat  will  produce  further  liquefaction, 
and  diminish  the  accumulation.  This,  therefore,  will  be  most 
rapid,  and  the  resulting  glaciers  largest  neither  at  the  upper  nor 
the  lower  limit  of  the  snow  belt,  and,  other  conditions  remain- 
ing equal,  it  appears  certain  that  the  maximum  accumulation 
will  take  place  along  a  certain  isothermal  line,  the  temperature 
of  which  will  not  in  general  be  verv  far  removed  from  zero, 
though  its  precise  temperature  will  depend  upon  local  circum- 
stances, such  as  the  average  humidity;  the  shelter  from  the 
direct  rays  of  the  sun,  the  distribution  of  moisture  through  the 
year,  etc. 

As  has  already  been  seen,  the  formation  of  glaciers  is  de- 
pendent upon  topographical,  as  well  as  meteorological  condi- 
tions. In  order  therelore  to  institute  a  comparison  between 
the  tendencies  to  glacier  formation  at  two  given  periods  of  the 
earth's  history,  it  is  convenient  to  begin  by  assuming  entire 
similarity  between  the  topographical  characters  of  the  areas 
covered  by  the  snow  belts  at  the  two  epochs.  Suppose  the 
surface  under  consideration  to  be  substantially  an  inclined 
plane  of  limited  width  but  of  an  indefinite  extension  upward, 
this  surface  being  merely  roughened  by  depressions  suitable  for 
the  accumulation  of  niv6.  Suppose  also  the  proportion  of 
sunshine  and  the  strength  of  the  winds  to  be  the  same  at  the 
two  periods,  then  during  the  warmer  epoch  the  maximum  ten- 
dency to  glacial  formation  will  exist  along  a  higher  line,  and 
during  the  colder  period  along  a  lower  line  upon  the  inclined 
plane.  Both  of  these  lines  will  be  horizontal,  and  their  tem- 
peratures will  be  nearly  the  same.  The  question  to  be  decided 
IS  upon  which  of  them  will  glaciers  form  most  rapidly. 

The  relations  of  temperature  to  elevation  are  known  to  be 

involved  in  much  obscurity,  the  degree  of  heat  varying  not 

merely  with  the  pressure  (Poisson's  law),  but  being  affected  by 

•  the  irregular  ascent  of  warm  currents  from  the  earth,  by  the 

liberation  of  heat  attending  the  precipitation  of  rain  and  snow, 
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by  topographical  conditions,  etc.     The  higher  the  temperature 
of  any  locality,  however,  the  more  rapidly  the  thermometer  is 
found  to  fall  as  neighboring  mountains  are  ascended.    The  rate 
of  decrease  of  temperature  with  increasing  altitude  is  greater 
in  low  latitudes  than  in  high  ones,  and  in  one  and  the  same 
locality  is  greater  during  summer  than  in  winter,  and  greater 
during  the  warm  hours  of  the  day  than  before  dawn.*    This 
relation  holds  good  even  for  very  lofty  elevations  such  as  the 
summit  of  Pike's  Peak,  and  there  seems  no  reason  to  suppose 
that  it  does  not  extend  over  the  snow  belt.     If  so,  the  diminu- 
tion of  temperature  with  increasing  altitude  must  have  been  at 
least  a  little  greater  in  the  snow  belt  of  the  warmer  period  thaa 
on  that  of  the  cooler  period  on  the  inclined  .plane  supposed* 
Precipitation  is  mainly  induced  by  the  cooling  of  moist  air  as 
it  rises  alon^  declivities,  and,  other  things  being  equal,  the  pre- 
cipitation will  therefore  be  measured  by  the  rate  of  diminutioa 
ot   temperature.      It  follows   that  the   precipitation   within  a 
given  distance  of  the  line  of  maximum  glacier  formation  of  the 
warmer  period,  probably  exceeded  the  precipitation  within  the 
same  distance  of  the  corresponding  line  in  the  cooler  period. 

The  other  conditions,  however,  would  not  be  equal.  Al- 
though the  mean  temperature  of  the  air  within  the  two  belts 
might  be  identicial,  the  heat  of  the  direct  sunshine  would  be 
more  powerful  during  the  warm  period  than  at  the  later  date, 
and  consequently  ice  and  snow  exposed  to  the  sunshine 
would  melt  more  rapidly.  Neither  would  the  conditions  at 
sea  level  be  the  same.  Not  merely  would  more  heat  be  em- 
ployed  in  evaporating  water  from  the  ocean  during  the 
warmer  period,  but  the  temperature  of  the  ocean  itself  would 
be  increased,  especially  near  the  surface,  but  also  throughout 
the  whole  depth  of  shallow  seas.  As  is  well  known,  the  rate 
of  evaporation  depends  primarily  upon  the  temperature  of  the 
surface  of  the  water,  and  it  follows  immediately  frona  the  for- 
mulas which  state  the  observed  relations  between  temperature 
and  tension  of  aqueous  vapor,  that  the  more  intense  the  radia- 
tion from  the  sun,  the  greater  will  be  the  proportion  of  the 
heat  employed  in  the  evaporation  of  water.  Appeal  to  obser- 
vation shows  that  the  operation  of  this  law  is  not  substantially 
obstructed  by  the  action  of  any  other  of  a  contrary  tendency. 
The  heat  received  from  the  sun  upon  a  square  mile  of  the 
earth's  surface,  in  latitude  45°,  allowing  for  the  absorptioD  of 
the  atmosphere,  must  be  somewhat  more  than  one  half  of  the 
amount  received  upon  an  equal  area  at  the  equator,  while  the 
average  rainfall  of  latitude  45^  is  only  one-third  of  that  at  the 
equator.     The  rate   of  evaporation   of  still  water  in    the  tw-o 

•  See  Loorais*5  Meivorolojjry.  \\  40 ;  Report  of  Chief  Signal  Officer,  1876,  p.  348; 
and  Profeasional  papers  Si^al  Service,  II,  Isothermal  Lines  of  the  U.  S. 


G,  F.  Becker — TempercUmre  and  Qlaciation.         171 

latitudes  must  differ  oonsiderably  more  than  is  thus  indicated ; 
for  a  large  part  of  the  moistare  evaporated  in  the  tropics  rises 
many  thousand  feet  above  the  surface  and  is  carried  poleward 
by  the  upper  air-currents,  while  the  surface  of  the  sea  in  high 
latitudes  owes  a  portion  of  its  temperature  to  heat  absorbed 
from  the  sun's  rays  near  the  equator.  It  is  perhaps  impossible 
in  the  present  state  of  knowledge  to  make  any  exact  compari- 
son between  the  amounts  of  moisture  reaching  an  elevation 
equal  to  that  of  the  glacial  line  in  the  tropics  and  in  higher 
latitudes,  but  enough  is  known  to  make  it  certain  that  the  ex* 
cess  near  the  equator  is  very  great,  while  the  fact  that,  in  spite 
of  the  transference  of  much  of  this  vapor  to  the  temperate 
zones,  the  snow  line,  in  the  tropics  reaches  a  lower  isotherm 
than  it  does  north  or  south  of  them,  shows  that  the  greater  in- 
tensity of  the  sun  heat  above  the  snow  line  near  the  equator 
does  not  counterbalance  the  greater  precipitation  on  the  snow 
belt  Experience,  therefore,  amply  justifies  the  statement  that 
in  the  absence  of  meridional,  oceanic  and  aerial  currents,  the 
effect  of  which  will  be  considered  later,  the  precipitation  on  the 
earlier  and  higher  snow  belt  of  the  supposed  inclined  plane 
would  exceed  that  upon  the  corresponding  belt  of  a  later  and 
cooler  era  more  than  in  proportion  to  the  intensity  of  solar 
radiation. 

The  melting  of  ice  at  the  glacial  line,  on  the  other  hand,  must 
"be  simply  proportional  to  the  heat  received  from  the  sun,  since 
its  temperature  cannot  be  raised.  Evaporation  would  be  no 
greater  during  the  warmer  period,  for  supposing  the  air  over  thtj 
snow  belts  of  the  two  periods  to  have  the  same  temperature, 
that  characteristic  of  the  glacial  isotherm,  and  that  the  satura- 
tion of  the  atmosphere  were  the  same,  the  evaporation  would 
of  course  remain  unchanged.  As  has  been  shown,  however, 
the  rate  of  decrease  of  temperature,  and  the  mean  saturation^ 
will  probably  be  greater  in  the  warmer  period,  and  evaporation 
near  the  glacial  isotherm  will  therefore  be  less. 

If  the  inclined  plane  of  limited  width,  considered  in  the  fore- 
going paragraphs,  also  had  a  vertical  limit,  and  if  the  sun  has 
been  gradually  and  uniformly  cooling  during  the  past,  this 
slope  can  have  had  no  glaciers  until  the  lower  snow  line 
reached  its  upper  edge.  The  maximum  development  of  gla- 
ciers on  this  slope  must  have  occurred  when  what  has  been 
called  the  glacial  isotherm  coincided  with  its  upper  edge,  and 
since  that  time  the  magnitude  of  the  glaciers  upon  the  slope 
must  have  been  constantly  diminishing.* 

*  It  18  of  course  to  be  understood  that  simple  f^laciers  on]y  are  referred  to,  i.  e. 
that  a  single  glacial  stream  is  supposed  to  drain  only  a  single  n^v^  basin.  In 
point  of  fact  a  large  glacier  frequently  drains  many  neve  basins  at  various  alti- 
tndea.  Such  a  glacier  on  the  hypothetical  slope  might  remain  of  constant  magni> 
tilde  during  a  long  period  of  time,  the  increase  of  accumulation  in  lower  ney4 
baainB  compensating  for  the  diminution  in  higher  ones. 
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The  conditions  which  exist  in  the  mountainous  r^ons  of  the 
earth's  actual  surface  are  of  course  widely  different  from  those 
of  the  hypothetical  declivity.     The  maximum  development  of 
glaciers  cannot  in  fact  have  occurred  when  the  glacial  isotherm 
touched  the  top  of  the  highest  mountain  peak;  for  though  the 
meteorological  conditions  were  eminently  favorable,  insufficient 
space  was  afforded  for  the  accumulation  of  r\6v6.     As  the  iso- 
tnerm  descended  the  slope  of  the  mountains,  the  topographical 
condition  became  more  favorable,  while  the  meteorological  ten- 
dency to  the  formation  of  glaciers  decreased.     The  actual  max- 
imum development  of  glaciers  on  a  given  group  of  mountains 
therefore  depended  upon  the  maximum  value  of  a  function  of 
two  variables  standing  in  an  inverse  ratio  to  one  another.    Of 
these,  that  which  expresses  the  suitability  of  the  topography  to 
the  accumulation  of  n6v6  \h  incapable  of  general  discussion 
and  unquestionably  varies  not  only  with  the  group  of  moun- 
tains but  with  different  portions  of  the  same  group.     It  is  even 
conceivable  that  there  snoald  have  been  such  fluctuations  in- 
troduced by  the  character  of  the  topography  as  to  bring  about 
alternate  retardation  and  acceleration  in  the  growth  of  glaciers 
or  an  equal  development  at  widely  removed  periods  of  time, 
but  these  must  be  regarded  as  extreme  cases,  and  in  general 
there  must  be  in  the  history  of  every  group  of  mountains  a 
period  of  maximum  glaciation.     It  is  by  no  means  to  be  in- 
ferred, however,  that  this  period  was  simultaneous  in  different 
groups  of  mountains,  still  less  so  at  remote  portions  of  the 
globe. 

Various  influences  tend  to  prevent  the  formation  of  glaciers, 
such  as  the  heat  of  the  atmosphere,  the  heat  of  direct  sunshine, 
the  heat  accompanying  warm  rains,  and  the  velocity  of  air  cur- 
rents. The  importance  of  these  various  influences  differs 
greatly,  and  is  scarcely  what,  on  first  thought,  might  be  sup- 
posed. The  mean  temperature  of  the  atmosphere  may  vary 
within  very  wide  limits  consistently  with  the  existence  of  ice. 
It  is  a  well  known  fact  that  in  deep  gorges,  even  in  very  tem- 
perate climates,  snow  and  ice  when  protected  from  the  direct 
rays  of  the  sun  often  last  far  into  the  summer  or  even  through- 
out the  year,  and  in  spite,  too,  of  an  active  circulation  of  air. 
Glacial  ice  even  accumulates  in  artificial  openings  in  localities 
far  removed  from  any  mountain  glacier.  The  bottom  of  the 
Dannemora  iron  mine,  for  example,  an  immense  open  pit  some 
600  feet  deep,  is  covered  with  ice  to  a  depth  of  many  feet 
throughout  the  year,  although  the  sun  sometimes  shines  upon 
it  for  a  small  portion  of  the  day.  Here,  however,  though  the 
circulation  of  the  air  must  be  considerable,  and  is  accelerated 
by  the  hoisting,  blasting  and  other  operations,  incident  to  the 
working  of  the  mine,  the  cold  air  probably  accumulates  to  a 
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Sealer  extent  than  i»  possible  in  the  deep  gorges  in  the  White 
contains,  the  Adirondacks  and  elsewhere,  in  which  ice  is 
nearly  or  quite  permanent  Such  occurrences  make  it  clear 
that  the  direct  heat  of  the  sun  is  of  the  first  importance  in  the 
disBipation  of  glacial  ice  or  n^v6. 

A  certain  amount  of  n^v^  is  not  melted  but  evaporated. 
Indeed,  according  to  Professor  Whitney,  the  snow  on  the  south^^ 
em  side  of  Mt  Shasta  diminishes  in  volume  almost  exclusively 
from  this  cause,  but  a  fixed  amount  of  heat  employed  in  dissipa- 
tion by  evaporation  must  produce  a  far  smaller  effect  in  the 
reduction  of  accumulated  n^v6,  than  if  it  were  employed  in 
merely  melting  the  snow  or  ice,  for  evaporation  can  go  on  rap* 
idly  only  in  dry  air ;  and  since  the  air  is  an  extremely  poor  con- 
ductor, and  has  a  low  specific  heat,  most  of  the  latent  heat  ab- 
sorbed in  volatilization  of  the  water  must  be  withdrawn  from 
the  underlying  snow,  and  will  thus  counteract  the  tendency  to 
melting.     Indeed,  since  it  is  said  to  be  possible  to  freeze  water 
by  evaporation  and  radiation  from  its  own  surface  under  favor- 
able atmospheric  conditions,  at  temperatures  much  above  the 
freezing  point,  it  is  d  priori  probable  that  in  a  very  dry  atmos- 
phere evaporation  from  a  snow  surface  may  be  so  rapid  as  to 
preclude  melting,  just  as   Professor  Whitney  has   observed. 
Even  when  this  is  not  the  case,  volatilization  must  retard  melt- 
ing.   The  melting  effect  of  rain  is  no  doubt  very  considerable, 
though  as  a  certain  quantity  of  water  appears  to  be  essential  to 
n6v6,  some  rain  is  probably  not  unfavorable  to  the  growth  of 
glaciers.     The  melting  effect  of  rain  upon  snow  can  readily  be 
cakalated  if  the  temperatures  of  the  two  substances  are  known. 
If  that  of  the  rain  is  plus  6^  and  that  of  the  snow  minus  5^, 
the  melting  of  a  weight  of  snow  equal  to  one  sixteenth  part  of 
that  of  the  rain,  will  reduce  the  latter  to  zero. 

Still  air  can  have  very  little  effect  upon  the  nev6 ;  the  influ- 
ence of  winds  is  much  greater,  and  is  probably  proportional  to 
their  velocity.  Their  effect,  however,  is  almost  wholly  in  one 
direction,  for  as  long  as  any  ice  remains,  warm  currents  of  air 
will  continue  to  dissipate  it,  and  evaporation  "will  proceed  even 
below  the  freezing  point.  The  chilling  effect  of  cold  winds,  on 
the  contrary,  will  reach  but  a  short  distance  beneath  the  sur- 
face, for  ice  is  a  bad  conductor,  and  however  far  below  the 
freezing  point  the  upper  layer  of  the  n6v6  may  be  cooled,  the 
underlying  mass  will  be  but  very  slightly  affected.  Of  the 
influences  tending  to  dissipate  glaciers,  none  would  seem  to 
have  been  more  vigorous  at  warmer  stages  of  the  earth^s  history, 
excepting  the  heat  of  the  direct  sunshine;  and  this,  though 
more  intense,  was  perhaps  of  shorter  duration,  for  the  mere 
fact  of  greater  precipitation  probably  involved  more  cloudy 
weather  or  a  shorter  exposure  of  the  ice  to  sunshine. 
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Hitherto  it  has  been  assumed  that  the  warming  of  the  sea, 
the  evaporation  and  the  precipitation,  leading  to  the  formation 
of  a  particular  glacier  take  place  under  a  sun  heat  of  equal 
intensity,  as  would  happen  if  there  were  no  ocean  currents  and 
all  these  processes  went  on  in  the  same  latitude.     Were  this 
the  case  the  lines  of  maximum  glacier  formation  would   first 
touch  the  earth  as  itifinitesimal  circles  at  the  poles,  and  would 
thence  move  toward  the  equator  remaining  parallel  to  it.     At 
any  given  period,   maximum  glaciation  would  be  an  event  of 
the  past  throughout  those  portions  of  the  globe  lying  north  of 
the  northern  glacial  isotherm  and  south  of  the  southern  one, 
while  between  them  it  would  not  have  been  reached.     A  differ- 
ent result  must  necessarily  follow  from  the  presence  of  open 
seas,  for  it  is  the  most  familiar  fact  in  physical  geography  that 
heated  waters  from  the  tropics  move  poleward.     Let  it  be  sup- 
posed  that  at  a  given  time  in  any  given   latitude  distant  from 
the  equator  there  were  no  oceanic  currents,  and  that  the  maxi- 
mum of  glaciation  compatible  with  this  condition  of  things  had 
just  been  reached.     If  the  barriers  to  the  movements  of  the  sea 
were  then  removed,  water  more  highly  heated  than  that  charac- 
teristic of  the  latitude  would  flow  in  from  the  direction  of  the 
equator.     An  increase  of  evaporation  and  of  precipitation  would 
■of  course  result,  and  the  glacial  isotherm  would  withdraw  to  a 
slightly  higher  altitude,  but  the  sun's  melting  power  would  be 
unaft'ected  and  an  immense  increase  would  take  place  in  the 
accumulation  of  nevd     The  action  of  aerial  currents  would  be 
similar. 

In  the  tropics,  the  conditions  would  be  reversed.  When  the 
world  is  so  cold  that  the  glacial  isotherm  intersects  the  moun- 
tain slopes  near  the  equator,  the  sun  will  not  have  its  full  effect 
uj^on  the  sea  which  constantly  loses  heated  waters  and  receives 
cold  currents.  The  glaciation  at  the  equator  will  therefore  be 
less  than  it  would  have  been,  had  the  surface  waters  been  pre- 
vented by  land  barriers  from  seeking  the  poles.  The  glacial 
isotherm  at  the  ec^uator  will  be  slightly  lowered  by  the  cooling 
of  the  ocean,  but  not  in  full  proportion  to  the  decrease  of 
temperature  at  sea-level. 

It  follows  that  the  rate  of  decrease  of  temperature  with  alti- 
tude will  be  more  abrupt  at  a  distance  from  the  equator,  durinji; 
maximum  glaciation,  than  it  will  be  at  that  line  when  glacial 
formation  there  reaches  its  most  rapid  development,  and  since 
both  evaporation  at  sealevel  and  the  rate  of  decrease  of  temper- 
ature in  the  snow  belt  will   be  greatest  in  high  latitudes,  it  ia 
there  that  the  extreme  development  of  glaciers  in  the  entire 
history  of  the  earth,  must  take  place.     This  highest  develop- 
ment or  absolute  maximum  of  glaciation  will  occur  where  tli« 
influence  of  the  warm  oceanic  currents  is  greatest,  or  where  tk^e 


G.  F.  Becker — Temperaiv/re  wnd  Olaciation.         175 

temperatare  of  the  surface  waters  is  most  raised  above  the 
temperature  which  they  would  possess  were  the  water  station- 
ary.    The  present  position  of  such  a  line  could  probably  be 
ascertained,  but  in  the  past  and   warmer  stages  of  the  earth's 
history,  more  intense  radiation  from  the  sun  probably  stimu- 
lated these  currents  to  much  greater  activity,  and  a  somewhat 
different  distribution  of  land  probably  modified  their  courses. 
It  is  quite  sufficient  for  the  purposes  of  this  paper  to  point  out 
that  the  absolute  maximum  lines  of  glaciation  cannot  nave  lain 
in   the  tropics,  and  can  scarcely  be  supposed  to  have  been 
further  removed  from  them  than  the  arctic  circles;  in  short,  it 
is  most  reasonable  to  suppose  that  the  greatest  development  of 
glaciers  would  occur  in  somewhere  from  40°  to  70°  of  latitude. 
It  is  scarcely  necessary  to  point  out  that  this  inference  accords 
extremely  well  with  the  geological  records  of  an  ice  age,  though 
not  with  the  hypothesis  of  a  polar  ice  cap. 

If  the  generally  received  view,  that  the  sun  is  a  gradually 

-cooling  body,  is  correct,*  it  appears  therefore  nearly  certain  that 

-the  absolute  maximum  in  the  development  of  glaciers  is  past, 

^ind  that  the  glacial  period  was  not  one  of  general  cold,  but  one 

of  higher  mean  temperature  at  sea  level  than  the  present.    This 

is  not  equivalent  to  a  denial  that  other  causes  than  'those  dis- 

-cussed  have  had  an  influence,  and  perhaps  a  great  influence 

upon  glaciation.    Indeed,  it  seems  more  probable  that  the  forma- 

tiion  of  glaciers  was  affected  by  all  contemporaneous  changes, 

such  as  extraordinary  upheavals  and  subsidences  or  periodic 

fluctuations  in  the  eccentricity  of  the  earth's  orbit;  but  if  the 

Masoning  offered  is  correct,  it  is  not  necessary  to  resort  to  such 

^v^ents  to  account  for  the  occurrence  of  a  glacial  epoch  while 

Qiany  years  may  elapse  before  it  can  be  conclusively  proved 

whether  the  causes  adduced  were  quantitatively  more  or  less 

^Qan  sufficient  to  account  for  all  the  facts  inexplicable  except 

^s  results  of  gladial  action. 

Office  U.  S.  Geological  Survey,  i 
San  Francisco,  May,  1883.      j 

*  It  appears  to  me,  I  confess,  that  substantiation  of  this  hypothesis  would  be 
'^y  J^  means  superfluous. 
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Art.  XXL — Analyses  of  two  varieties  of  Lithiophiliie  {Manga* 
nese  Triphiliie)\  by  S.  L.  Pen  FIELD. 

The  author  has  already  published*  analyses  of  both  triphyl- 
ite  and  lithiophilite  from  tne  various  known  localities,  and  he 
regards  it  of  interest  to  add  to  these  two  additional  analyses,  one 
of  lithiophilite  from  Tubbs  Farms,  Norway,  Me.,  a  new  American 
locality,  the  other  of  a  variety  from  Branchville,  Conn.     The 
specimens  from  Norway,  Ma,  are  associated  with  quartz,  albite 
and  tourmaline,  and  are  broken  fragments  of  considerable  size^ 
blackened  on  the  exterior  by  oxidation,  to  which  the  mineral 
is  peculiarly  liable,  but  in  the  interior  perfectly  fresh  and  of  a 
lignt  salmon  color.     Specific  gravity,  8*898. 

Two  varieties  of  lithiophilite  from  Branchville  have  already 
been  described  from  independent  but  closely  contiguous  de* 
posiu^  The  first  of  a  light  salmon-pink  color,  containing  from 
three  to  four  per  cent  of  iron  protoxide,  the  Second  of  a  light 
clove-brown  color,  containing  thirteen  per  cent  of  iron  pro- 
toxide. A  third  variety,  from  an  independent  deposit,  is  of 
a  very  pale  bluish  tint,  of  a  brilliant  luster,  clear  and  trans-  \ 
j>arentL     Specitic  gravity,  8'504  ! 

The  analyses  of  these  varieties  gave  the  following  results: 


Norway,  Me. 

Bnnchvflle,  Conn. 

i\o. 

4440 

44-93 

FoO 

S-60 

1636 

Mni) 

35 -98 

28-58 

rai> 

•;s 

•05 

I.iiO 

8-59 

Xa,0 

14 

•21 

H,0 

119 

•54 

itancue 

•12 

•13 

ii^Tl 

9939 

T!\i50  analvsos  iwWy  :5ub<t;uuiate  the  formula  of  an  orthophos- 
piu\to.  Li^M'^-  l'V»i\\.  already  wymXq  out  for  the  s{>ecies,  giving 
t  ho  t v^  1 '. vnv  1  '.1  u  n\  t  i os  : 

r     ;     Mii  will.  Fe  a::d  Oji  Li  with  N« 

NonxAv  :  l-.»2  :         091 

':-r;»no'!  vi'/.i'       1  IvO  ;         0-91 

If  |\\r:  or  a*/,  v^:  tiio  waior  be  taken  as  basic  the  ratios  are  still 

T:  c>e  ar.:\ly>c>.  taken  licether  wiih  ihose  of  triphylite  and 
'.itV.  >;"../.  :e  alreaviy  ;  u:  'isl.evl,  make  an  interesting  series,  show- 
;:ic  t.c  o'.v\<e  re'ar.o:.  anvi  irraviual  iniv-sition  between  the  two 
ox::Y:r.es  v^:  a  '.;;;v.a-:ivn  yhv«s}  hate  eoniaining  very  little  raaDga- 
nc:^^  ar.d  a  '.;:!.: a -:v.:v. c:\r.ese  r;.v><:^ '.ate  containing  but  little  iron. 

My  tVav.ks  atv  vl.;e  to  Professor  George  J.  Brash  for  kindly 
•oivn  to.tvc  :r.o  \v:th  :v.Ateria"  ior  oarry.ng  out  these  investigitions. 

♦  ?>..*  .^^u^CA:.  III.  li:-.  4J«:  HL  xr-i  «<^ 
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T.  XXII. — On  the  Intensity  of  Sound, — I.  The  Energy  and 
Coefficient  of  Damping  of  a  Tuning  Fork;  by  Chas.  EL  Wead. 

No  one  doubts  that  a  sounding  body  is  distributing  energy, 
ml  tbat  a  sound-wave  is  one  mode  of  transmitting  energy; 
ut  in  most  practical  cases  the  quantity  of  energy  involved  is  so 
^^mall  as  to  elude  easy  measurement,  and  the  problem  is  sometimes 
^isomplicated  by  physiological  questions.     Attention  has  been  di- 
«-ected  mainly,  in  acoustical  measurements,  to  finding  the  velocity 
of  sound  in  various  media,  and  to  determining  the  vibration- 
-frequency  of  the  notes  of  the  scale  and  of  sounding  bodies; 
'fchis  last  problem  has  been  solved  experimentally  in  more  than 
^  score  of  ways,  from  the  simple  rod-tonometer  that  was  so 
serviceable  in  the  hands  of  Chladni  and  Scheibler,  up  to  the 
xefinemenis   of    Mayer\s    electrical    method,    and    Rayleigh's, 
^acleod  and  Clarke's,  Poske's  and  Michelson's  metliods,  and 
Konig's  fork-clock.     But  from  time  to  time  a  number  of  con- 
tributions have  been  made  to  this  subject  of  energy.    Our  text- 
books, however,  so  seldom  refer  to  them  that  one  is  surprised 
on  looking  up  the  matter  to  see  how  much  has  been  done ;  yet 
ill  so  disconnected  a  way  that  considerable  connecting  matter  is 
needed.    It  is  hoped  that  this  paper  mny  supply  a  part  of  what 
is  needed.     In  saying  that  our  books  give  us  little  on  the  sub- 
ject, of  course  it  is  meant  few  quantitative  results;    we  find 
^ns^ily  enough  the  law  of  inverse  distances  given,  with  the  pre- 
^^nded  proof,  by  striking  four  bells  twice  as  far  from  the  ear  as 
^  Single  similar  bell  is ;  the  use  of  resonance  cases  and  sounding- 
-boards is  familiar,  of  speaking  and  hearing  trumpets,  of  the 
^^iidening  effect  of  a  non-homogeneous  atmosphere,  etc.;  all 
^'i^seand  similar  things  are  pleasantly  told,  with  more  detail 
^*^an  in  any  other  book  I  have  met  with,  in  Radau's  Wonders 
^f  Sound. 

In  recent  years  the  question  of  Energy  has  come  up  in  new 
^ays,  as  in  finding  the  Potential  at  any  point  due  to  a  vibrating 
Oody,  and  in  deducing  the  equations  of  harmonic  motion  as  is 
^one  by  Lord  Rayleigh,  from  assuming  that  the  sum  of  the 
kinetic  and  potential  energy  in  the  vibrating  body  is  constant; 
*^ut  here  as  before  we  have  no  numerical  data  given  to  help 
toward  clear  thinking. 

We  may  consider  our  subject  under  three  heads : 

A.  Instruments  to  which  a  store  of  energy  is  imparted  at 
Once,  and  which  are  then  left  to  themselves;  e.  g.  tuning  fork, 

\)ell,  and  all  stringed  instruments^^WctivM^'UuAAA--^^ 

B.  Instruments  that  store  up  little  or  no  energy,  arfil  so  newT 
^  constant  supply  from  outside:  e.  g.  all  wind  and  reed  instru- 
ments, singing  flames,  and  the  voice. 

Ax.  JouB.  8cL— Third  Sbries,  Vol.  XXVI,  No.  152.— Sept.,  1888. 
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C.  Physiological  questions;  the  loudness  of  sound,  etc.; 
something  of  this  must  be  anticipated  under  A  and  B.  I  have 
found  very  little  in  print  bearing  on  A,  more  will  be  cited 
under  B,  while  much  has  been  done  on  the  physiological  side 

I.  The  Tuning  Foek. 

All  bodies  of  class  A  are  deformed  at  the  outset  by  a  blow 
or  otherwise;  the  potential  energy  thus  acquired  may  be  meas- 
ured with  comparative  ease  in  some  cases  as  will  be  seen:  let 
the  calculation  and  measurement  of  this  be  the  firstproblcm. 

In  any  clastic  body,  within  the  limits  for  which  Hooke's  law 
is  true,  the  potential  energy'  of  the  distorted  body  =V=;JWa, 
where  W=  the  force  applied,  and  o=  the  distance  through 
which  the  point  of  application  of  the  force  moves.  If  P=  tbe 
force  when  a=l,  then  (1)  W=Pa  and  (2)  V=iPa».  Since 
practically  a  fork  is  very  nearly  a  representative  of  a  bar  fixed 

at  one  end  and  free  at  the  other  (3)a=-     _j,  where  /=  the 

length  of  the  ])rong,  ft=  its  breadth,  rf=  the  thickness,  and  £= 
Young's  modulus;  for  steel  E=214xl0i>  in  C.  G.  S.  nnits 
(Everett),  and  for  Konig\s  forks  6=  14  cm.  and  rf=0*65cm. 
approximately ;  thcM-eforc  (4)  P=2-056x  10'  *-rZ»=  the  force  in 
dynes,  which  applied  at  the  end  of  the  prong  will  bend  it 
1  cm. ;  and 

(5j  \=\yn^= ^g Ergs. 

It  would  be  more  convenient  to  express  V  as  a  function  of 
N,  the  vibration-froqiHMicv,  than  of  /;  this  may  be  done  by  Mer- 
cadicr's  formula;*  here  as  before  rf=  the  thickness  in  cm., /= 
the  length  of  the  prong,  which  I  take  as  the  length  from  the 
n))per  side  oi  the  stern  plus  half  the  thickness,  and  the  constant 
is  dctennined  so  us  to  satisfy  bt\st  the  observations;  the  average 
dillerence  between  the  obstM'ved  and  computed  values  of  K  is 
a  little  less  than  1  per  cent.  The  Utj  and  Sol 3  are  thinner 
than  the  other«<  jind  so  relatively  shorter,  and  were  omitted  in 
deterniining  the  constant;  besides  Utg  is  not  uniform  in 
thickness. 

(0)  N=82550</^/8.     Tlierefore 

(7)  P=ir.o4()N^.         (8)  V  =.Vxie540N^a«. 
For  Ut2  =  r28  (I  V,  (0)  Vg  =  ix  23-94  xlO«a«  Ergs. 

For  any  other  fork  of  this  series  of  harmonics  of  Ut,,  it4 
represents  the  number  of  the  harmonic, 


♦  r 
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(10)  2^S^jfc=:23-94XlO«A'^a«  Ergs.  =  Potential  Energy  in  both 
^  prongs 

^hen  the  end  of  the  prong  is  bent  a  centimeters. 

If  the  fork  is  vibrating  without  giving  over-tones,  twice  in 
each   period  its  energy  is  wholly  potential,  and  we  may  use 
equation  (10)  to  compute  it.     The  energy  of  the  vibrating  rod 
will  actually  be  a  very  little  greater  than  of  the  rod  bent  into 
the  form  of  the  elastic  curve  having  the  same  maximum  ordi- 
nate; for  on  comparing  the  curve  of  a  bar  fixed  at  one  end 
given  by  Rayleigh  (i,  231)  with  the  ehistic  curve,  we  sec  that 
the  latter  lies  everywhere,  except  at  the  cuds,  a  ver}'  little  nearer 
the  line  of  equilibrium;  but  the  dilYcrence  in  energy  is  too 
small  to  be  considered  here.     The  error  is  greater  if  the  prong 
ought  to  be  treated  as  the  free  end  of  a  sti-aight  rod  with  two 
nodes,   as  a   comparison   of  Riyleigh's  Figs.   28  and  31   will 
sivow :  but  the  latter  assumption  is  certainly  further  from  the 
truth  than  the  former  one. 

I  have  used  the  method  given  above  for  finding  the  energy, 
rather  than  the  one  taken  by  Kayleigh  (i,  202) ;  because  for 
experimental  purposes  it  is  more  convenient  to  express  the 
energy  in  terms  of  the  amplitude  rather  than  of  the  radius  of 
curvature. 

Experiments. — The  forks  named  in  table  I  were  removed 
from  their  boxes,  and  supported  firmh'^  under  a  microscope 
carried  by  a  dividing-engine  with  a  millimeter  screw,  the  plane 
of  bending  of  course  being  parallel  to  the  screw,,  and  the  prongs 
vertical :  a  cord  passed  irom  each  prong  over  a  pulley  to  a 
scale-pan  in  which  the  weights  were  put :  the  microscope  was 
focussed  on  a  point  on  the  end  of  the  prong,  and  then  the  dis- 
tance measured  between  two  points,  one  on  each  prong,  as 
weights  were  added  in  the  pans ;  this  gives  2a'  (a'  is  expressed 
in  mm.,  while  o  was  taken  in  cm.).  But  as  the  microscope  had 
to  be  moved  about  20  mm.  to  pass  from  one  jK)int  to  the  other, 
a  more  rapid  method  was  devised,  that  proved  more  accurate: 
a  small  block  of  wood  was  screwed  into  the  end  of  the  micro- 
scope-tube carrying  at  its  lower  end  a  brass  plate  bent  thus : 
Ce  JD  ;  the  distance  he  was  about  30  mm. ;  a  wire  ran  from 
the  plate  through  a  telegraph  sounder  to  a  battery  whose  other 
pole  was  connected  to  the  fork.  A  series  of  observations  con- 
sisted in  observing  the  difference  of  reading  of  the  screw  when 
electric  contact  was  made  at  b  and  then  at  c,  usual Iv  1  or  2  mm. : 
equal  weights  were  then  put  in  the  two  pans,  1,  2,  3  and  4  kg., 
and  the  screw  readings  again  observed  :  their  dillerenec  is  less 
than  before  by  2a';  at  least  two  determinations  were  made,  and 
the  friction  of  the  pulleys  eliminated  by  taking  readings  when 
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the  pans  were  pulled  down  as  far  as  they  would  remain,  and 
when  raised  as  high  as  they  would  remain.     The  value  of  the 
quotient  2a'-7-W'  is  given  in  table  I,  col.  5;  a^  is  here  in  mm. 
and  W  in  kg.     The  results  under  Mig  which  are  in  [  ]  were 
obtained  by  drawing  the  prongs  together  instead  of  separating 
them,  as  in  all  other  cases ;  these  are  less  reliable,  because  of 
the  friction  of  the  strings  which  had  to  cross  each  other.     A 
small  correction  must  be  made  to  these  results  in  col.  6 ;   for  the 
forces  were  not  applied  at  the   end,   but  usually  IJ— 2  mm. 
below  it,  and  the  measurement  was  made  above  the  point  of 
application  of  the  force,  usually  1  mm.  from  the  end.     It  seems 
hardly  necessary  to  explain  the  details  of  the  calculation,  as  it  is 
easily  made  from  the  equations  of  the  elastic  curve,  and  of  the 
ant^le  between  it  and  its  tangent  at  the  point  where  tlie  force  is 
applied.     In  only  two  cases  does  it  amount  to  "OlO  mm. ;  on 
the  Utj  the  forces  were  applied  16  mm.  below  the  ends  of  the 
prongs. 


Table  I. 

1 

2 

3 
Metljod. 

4 
KK. 

5 
Mm. 

0         7        8 

9 

10 

11 

12        13 

1?<^.aTr 
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2«'-j-W'. 

P 
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c.o.s. 

10'  X 

P 

From  (7) 

Dif.    1  r=  ' 

TOTK 

1 
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i 

1           Mm. 

KK'  Mm. 

10"  X 

l\ 
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2 
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1 

i 

3 
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-io  '    ^ 
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141 
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1 
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1 
•> 

3 

1 

4 
2 

4 
2 

•3'jr, 

•323 
•3-.'7 
•323 
•324 
•31.0 

•3i«; 

•32(» 

i 

1 

i         1 
•322     OOfj 

1 

1 

i 

1 

4 

•320 

•320    •000   -328 

G-lO 

5^08 

6-77 

-i:j     12» 

Mi, 

130 

*  ■ 

2 

217 

; 

4 

•215 

•210     007    -223 

S^97 

8-80 

9-47 

-•06 .  m\ 

[  '• 

2 
4 

'227 

■23r> 

1 
•229    •on    -240 

8-33J 

1 

Sol  3 

116 

» » 

0 

•174 

1 

4 

•172 

•173     007   -180 

11-11 

10-9 

12-46 

-•u,  tsA 

rt. 

104 

*k 

2 

•  1 03 

1 

4 

•098 

•101     ^004  -105 

19-0 

187 

1916 

--02  1   3Ml| 

Sou 

84 

1 

360 

iW 

Ut, 

72 

i( 

2 

•020 

1       1 

• 

4 

•o;^ 

•030     002   -032 

62-5 

61-3 

64-2 

+  •12  .  1261ll 

All  the  observations  were  made  at  temperature  of  15°-20°C. 
The  other  columns  in  tiible  I  give 

9.  F=W-^«'=2-T-(2a'-r-W')  where  the  accents  indicate  kg^ 
mm.  units. 
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10.  P  in  C.  G.  S.  UDits.     P=P'  X  981  X 10*. 

11.  P  compated  from  equation  (7). 

12.  The  difference  between  10  and  11  divided  by  P  in  col.  10. 

13.  The  energy  in  both  prongs  of  a  vibrating  fork  when  its 
simplitude  is  expressed  in  divisions  of  a  micrometer;  220  div. 

:5=:1  cm.     The  energy  =2xiPlr^)  ,  where  P  is  to  be  taken 

from  column  1 0,  and  z  is  the  amplitude. 

Loss  of  Efiergy  from  the  fork, — The  usual  equation  for  the 
motion  of  a  body  in  a  resisting  medium  is 

(12)  w— A'e-^''' sin  1  V/>b— i«*^— «}, 
where  x  is  the  coeflBcient  of  damping,  and  t  is  the  time  measured 

from   the   instant   when  m=0   (Rayleigh    i,   87);    A'e^*^  will 
correspond  to  a'  in  our  equations.     The  energy  at  any  instant  is 

equal  to  PV*  =  P'(A'e~*'^')*,  being  sensibly  constant  through- 
out any  one  period.     Therefore  ^  . 

X    (13)  Kinetic  energy  =2T=2P'A'«e-«*=2P"A»6-'^=F'2j8 =2 V,   ^>^^^^ 

where  P^'  is  the  number  in  table  I,  column  10,  divided  by    /^^yo 
(220)*,  and  A  is  the  amplitude  (in  micrometer  divisions)  when    '>l  ^\, . 
4=0 ;  2V  is  given  in  column  18 ;  2  is  the  amplitude  in  microm- 
eter divisions  at  the  time  L 
The  rate  of  loss  of  energy  =, 

(14)  ?^=+2«P'A8e-'^^=+2xT=2KV. 

We    must   then    determine    x    from    the    equation   z=Ae'^'^ 

A 

Whence  x=2  Nap.  log.  —-^t;  it  is  more  convenient  in  this  case 

to  take  the  second  as  the  unit  of  time,  rather  than  the  period 
of  vibration  as  is  sometimes  done  in  experiments  on  damping, 
t'or  the  experiments  an  upright  post  about  two  inches  square 
fixed  to  a  solid  base  was  taken,  and  to  it  the  resonance  case, 
<Dn  which  the  fork  was  firmly  screwed,  was  clamped  by  a  car- 
penter's clamp.     Above,   a  bar  held  by  another  clamp  sup- 
ported the  brass  arm  carrying  the  microscope  tube  in  a  vertical 
position ;  a   little  black  antimony  powder  *  was  gammed  on 
tihe  tip  of  the  fork  arid  these  minute  particles  furnished  fine 
tright  points  under  the  microscope,  having  often  a  breadth  less 
than  ^^  mm.     The  magnifying  power  used  was  about  45,  and 
the  divisions  of  the  eye-piece  micrometer  (a  glass  scale  ruled 
to  -J- mm.)  were,  as  already  stated,  almost  exactly-  equivalent  to 
y^f  mm.     The  adjustments  of  the  apparatus  were  easy  and  direct, 
-and  the  stability  almost  perfect.     To  measure  the  time  a  stop 

•Suggested  by  Terquem,  Phil.  Mag.,  March,  1874;  C.  11.  btxviii,  125,  1874. 
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watch  was  used  (an  "Aiiburndale  timer"),  held  in  the  left 
hand,  while  the  right  hand  was  free  to  use  the  bow  and  naake 
records;  the  pointers  gave  directly  |-  second.  Thus  the  time 
was  found  which  was  necessar}'  for  the  amplitude  to  decrease 
from  z'  to  z".  An  example  will  indicate  in  a  general  way  the 
accuracy  of  the  method.  Fork  Ut, ;  2^=12  div.,  z"=6  div.  ; 
time  =9|,  91  10,  11,  10^,  9|,  9|,  lOi,  10,  Of  lOf,  10|;  mean 
10*08  sec.  These  were  not  consecutive  observations,  and  sev- 
eral points  were  taken.  When  z  is  large  the  point  must  be  com- 
Earatively  broad  to  be  seen;  while  if  z  is  small  the  finite 
readth  of  the  ^' point"  and  of  the  lines  on  the  scale  leads  to 
uncertaintv. 

Table  II  gives  for  one  of  the  forks  used  the  mean  value  of  x 
for  a  number  of  intervals.     It  is  ah  unexpected  fact  that  x  varies 
so  much  with  the  amplitude;  only  Poske,*  80«far  as  I  have  dis- 
covered, refers  to  it,  and  then  incidentally.     It  is  a  proof  that  the 
resistance  to  the  motion  of  a  fork  is  not  expressed  by  a  term 
proportional  to  the  first  power  of  velocity  simply,  but  the  second 
and  perhaps  higher  powers  must  come  in ;   the  equation  of 
motion  would  be  u+xu+Xu^ -{-n^u^O.     But  this  is  not  inte- 
grable,  and  even  the  results  which  Poisson  gives  for  the  cas^. 
when  x=0  shed  no  light  on  this  case;  we  must  therefore  deter ^ 
mine  x  empirically  as  a  function  of  z  and  introduce  the  oorrea^ 
ponding  value  of  x  into  equation  (14). 
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It  will  be  seen  iliat  the  observations  are  fairly  represented 
by  putting 

*  Fogg.  Ald..  olil.  470. 
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(15)  x=a  +  5— -; 

4(«'+»")  18  the  average  of  the  amplitudes  at  the  beginning  and 
end  of  the  time  t;  x  cannot  be  expressed  as  a  simple  function 
of  the  time ;  so  the  equation  corresponding  to  (12)  can  only  be 
solved  by  successive  approximation.  Equation  (15)  leads  to 
the  expression  x=a+62f,  for  the  coefl&cient  of  damping  corres- 
ponding to  the  amplitude  z;  therefore  instead  of  (12)  we  have 
^hen  t  is  small,  putting  z^  for  A, 

(16)  M=aj'e-^«+^)^sin  {Vp^-Ha  +  bz^yH] : 

if  we  wish  to  make  t  more  than  a  few  periods  replace  2'  in  the 
exponent  by  i{z^+z^%  where  z"  is  the  amplitude  at  the  time  t. 
Obviously 

(17)  z"=2'e-^|«+i*(»'+0}/. 

As  I  do  not  find  any  discussion  of  such  an  equation  as  (1(5) 
it  is  well  to  show  what  is  involved  in  it.  Differentiating  twice 
and  dropping  the  accent  from  z^  we  get 

(18)  il-\-au  +  bzu-\'P*u=0. 

Bepresent  the  mean  value  of  u  during  a  quarter  period  by  (u) ; 
of  u*  by  {u*) ;  and  the  mean  value  of  {u)Uj  that  is,  the  mean 
value  of  the  product  of  the  velocity  at  any  time  and  the  mean 
velocity,  by  {{u)u) ;  and  neglect  the  second  term  under  the 
radical  in  (16),  since  in  no  case  for  the  forks  of  the  present  series 
does  it  equal  p*  X  10~l     TheH^feniiliar  methods  give  * 

(19)  (M)=±fz:  (20)  ((u)«)=±Jj(«»)  =  ±|,Xj>»^. 

W^hence 

Trb 
(21)  <fc  +  aMi:--(w)u+/>«M=0. 

The  mean  value  of  the  third  term  = 

(22)  ±l?(«.)  =  ±£z.; 
7rp  7tp 

the  upper  sign  is  to  be  taken  when  u  is  +,•  i.  e.  when  the  angle 
i  is  in  the  first  or  fourth  quadrants,  otherwise  the  lower  sign, 
n  the  same  way  then  as  we  may  say  that  (zi),  the  mean  value 
of  u^and  {ii)  vary  as  2;  so  the  mean  value  of  the  third  term 
varies  as  z*,  and  therefore  both  as  (uy^  the  square  of  the  mean 
velocity,  and  as  {ii'^)  the  mean  square  of  the  velocity;  not, 
however,  as  the  square  of  the  variable  velocity.  If  6=0  of 
course  we  get  the  usual  equation  of  harmonic  motion  in  a 
resisting  medium. 

*ln  strictness  equations  (19)  and  (20)  are  true  only  when  a=&=0;  but  the 
*iTor  here  is  very  smalL 


I 
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Turn  now  tx>  the  results  of  the  experiments. 

Table  II  is  a  specimen  of  the  table  made  out  for  each  of  the 
forks  used;  it  gives  the  mean  time  required  for  the  amplitude 
to  decrease  from  2'  to  2",  the  number  of  observations  from  which 
this  mean  is  deduced,  the  resulting  value  of  x,  x  computed  from 

the  equation  ;f=*085  +  *028 ,  and  the  differences  between 

the  observed  and  computed  values.  Where  these  errors  are 
large  it  will  be  seen  that  few  observations  were  taken  or  2"  was 
small. 

Table  III  gives  an  abstract  of  table  II  and  similar  abstracts 
for  the  other  forks ;  it  gives  the  number  of  ratios  observed,  the 
number  of  observations,  the  maximum  value  of  z'  and  the 
minimum  value  of  2"  used  in  deducing  x;  the  longest  time 
observed,  the  coefficients  a  and  h,  and  tl»e  average  difference 
without  regard  to  sign  between  the  observed  and  computed 
values  of  X  as  found  from  such  data  as  table  II,  col.  9.  t 
think  we  may  conclude  that  equations  (I6j  and  (17)  satisfy 
the  observations :  if  anv  term  in  the  exjjonent  is  to  be  sougUv 

z  * '— 2  ^ 
depending  on  \-,- — ^,  very  much  more  refined  methods  tht\t\ 

w    ^1    ^ 

these  must  be  devist-d. 
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Even  when  the  conditions  were  similar,  so  far  as  known, 
considerable  diflFerences  were  found  in  x  for  the  same  values  of 
z\  «",  as  table  III  shows  for  two  forks ;  the  last  line  has  been 
used  in  the  succeeding  computations  when  the  table  shows 
more  than  one  set  of  observations.  I  suspect  that  a  part  of  the 
variability  of  i  may  be  due  to  a  diflferent  strength  of  the  over- 
tones at  diflFerent  times. 

The  numbers  in  column  8,  table  III  (taking'  the  last  line  for 
.  Sol^  and  Utg),  show  such  a  regular  increase  as  to  render  it  at 
least  plausible  that  the  term  containing  h  depends  on  the  resist- 
ance of  the  air  to  the  faces  of  the  prongs.  Schellbach*  has 
shown  that  the  resistance  of  the  air  to  discs  varies  as  y',  even 
^^^^'^^^^  ^  ^^^  ^^'  P^^  ^^^'     ^"  these  forks  the  mean 

velocityTwill  ue  -x    — =*01818z/^  cm.   per  sec,   where  z  is 
•^A  7t     220  ^ 

given  in  micrometer  divisions,  and  n  is  the  vibration-frequency. 

If  the  forks  have  the  amplitudes  given  in  table  IV,  column  7, 

tlie  least  value  of  '018182/1  is  18'6cm.  per  sec,  while  for  most 

ot  the  forks  the  value  is  about  37 ;  the  velocities  for  an  ordinary 

7/bration  are  therefore  higher  than  in  Schellbach's  experiments, 

and  so  we  may  assume  that  the  air-resistance  varies  as  v*.     We 

maj  also  assume  that  the  resistance  varies  directly  as  the  length 

of  the  fork  when  other  conditions  remain  the  same: 

-  '.  R=(-01818)22»/i2Z-^X  a  constant;  by  Mercadier's  formula 

(6)  nl^=  a  constapt. 

(22)  .*.  R=fe2n*  where  A  is  a  constant  depending  on  the 
breadth,  thickness  and  modulus  of  elasticity  of  the  prongs,  the 
form  of  the  curve  which  the  vibrating  prong  assumes,  the  den- 
si  t:j  and  viscosity  of  the  air,  and  perhaps  on  other  things;  but 
fc_>  r  the  forks  of  this  series  it  is  considered  constant.     Accord- 

3 

i  11  ply  h  in  table  III,  col.  8,  should  vary  as  ?2*. 
Taking  Ut2  =  l  we  get  the  two  series: 

n^=  1-  2-83  5-2  8-  14-7  22-6 

h    =     -003  -008  -028  -022  '044  '062 

lOOOft-f-n^  =  3-  2-8  5-4  2-7  3'  2*7 

Considering  the  difficulty  of  determining  h  with  accurac}-,  the 
close  agreement  of  the  quotients  in  the  last  line  seems  remarka- 
ble.    No  change  has  been  made  in  table  III  since  these  calcu- 
iations  were  made;  so  there  has  been  no  possibility  of  biasing 
^lie  judgment  in  favor  of  this  regular  increase  of  h. 
The  energy  that  the  fork  loses  is  exi)ended  in  these  ways: 
1-  In  heating  the  fork,  and  the  wood  of  the  resonance  case; 
2.     In  communicating  tremors  to  the  support :  3.  In  producing 

♦Pogg.  Ann.,  cxliii,  10. 
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a  sound  wave.     It  is  doubtful  if  the  first  and  second  can  ever 
be  separated  from  the  total ;  however  large  a  fraction  of  the 
total  1  may  be,  it  is  very  small  absolutely ;  all  the  energy  that 
can  be  given  to  a  fork  by  a  bow  would  not  suffice  to  heat  the 
fork  yTiVtF**  C.  in  the  most  favorable  case  in  table  IV(Ut5,  col.  6). 
Table  I V  is  drawn  up  to  show  roughly  the  amount  at  our  dis- 
posal in  these  forks.     Col.  2  is  the  same  as  col.  13,  table  I;  3 
gives  approximately  the  maximum  value  of  z  that  can  be  given 
by  a  bow;  4,  the  corresponding  energy;  5,  the  corresponding 
value  of  X  obtained  by  extrapolation,  since  accurate  observations 
could  not  be  made  with  such  values  of  z ;  6,  the  maximum  rate 
at  which  energy  is  given  up.     Cols.  7-10  give  similar  data  for 
an  ordinary  or  average  value  of  z.     Mayer*  finds  from  the 
heating  of  a  bit  of  rubber  between  the  prongs  of  Ut,  fork  vi- 
brating electromagnetically,  that  54  foot-grains  of  work  are  given 
up  to  the  rubber  in  10  seconds:  this  is  equal  to  10500  ergs,  per 
sec  ;  the  data  in  table  IV  would  give  this  value  of  2Vx  when 
z  is  a  little  less  than  9  div.,  or  about  0*4  mm. — a  very  satisfac- 
tor}'  agreement 


Table  IV. 
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The  ultimate  ol-^ect  for  whioh  these  exi»eriments  were  V>efr  vi 
-K-a?  to  .:o:or::.:ne  low  mu-ih  energy  was  cee-led  to  cause  ser\  <? -^ 
: i o:: ,  v>r  r a t :. e r  h 0 "^  r.; u eh  e li e rg y  t-a-^sevi  t b rou ^h  1  s^"! uare  rr  j| ^ 
a:  ilie  ".:....:  •::  "::e:;rir.g :  for  it  -vis  believed  that  the  "  efficient  \-  '» 
->;  ::.v  t.;\::.^-  :Vrk  woil.;  io  -igl.er  tLiL  of  other  sources  ojf  ^ 

>\,    '.A  i-.  -»  •   •  •   ^   •    ^  . 

T::r  r.rks  were  t.ike::  ■:  :t  0:  d:-.r5  t-  i  f.el  i  where  the  listerj- 
ers  :i.:4::.t  c-e  o >.'  :*re:  :  >t.,'.t  :::■:.:  t..-  fork.  Triis  wa?  souirled 
::.  tl-  :r..":e  irs.r.  e.I  ..'..ve.  ..i-i  the  in.:  lifiie  observed  when 
:he  i -t:v;.:  l.str'.Trf  ?_.i:ri  -  :  :t."  The  setarate  observa- 
t.::^  'V-.:-:  ■:  -/.e  . .  :.5  ite:.:.  ml?:  Irr:.^  :hit  i-c^sinz  teams  and 
i  r.s  :. .:  "".:  .1  ::. :r-,;.>-.  :  vr.-y  :_^::.  ::,e  I  ±:ilty  ::  ooservation. 
S^.tnzt  :-.t:i  :h-  st.-v--j  :  liurl  iliies.  :r  the  fork  was 
hrrJtc-."- t:--r  1   .:.:':'T:ti:     .-.rii   ::  :_-  ieli.     The  observaiiou 
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^14  was  the  last  and  was  interrupted  by  a  shower,  so  that 
confidence  is  to  be  placed  in  it  than  in  the  others;  but  all 
give  results  greatly  alx)ve  those  to  be  obtained  under  more 
)rable  conditions;  inconsistent  as  these  results  are,  they  are 
of  the  same  order  of  magnitude,  and  may  deserve  publication 
ause,  so  far  as  I  can  find,  no  similar  work  has  been  published. 
?able  V  gives  the  results  of  these  field  observations;  the 
nber  of  observations  for  each  listener  is  given,  and  the 
in  of  the  values  of  z  observed  when  he  shouted  "out." 
sirly  all  through  the  scale  the  observer  Y,  who  is  a  musician, 
wed  a  higher  sensibility  than  the  others,  whether  the  wind 
\  toward  him  or  from  him. 


Table  V. 

1 

2 

3           4 

5     ,     6 

7        a 

9          10 

Fork, 

Obs. 

■ 

Y 
T 
E 
G 

50  ft. 
Xo.  obs.     z 

100  ft. 

200  ft. 

300  1 
No.  0l)8. 

ft. 

Xo.  obs. 

1 
'    2 

No.  obs.     2 

z 

ut. 

5          3-4 
5          3-9 

5  '  3-5 

6  4- 

8 
5 
4 
6 

6-8 
7-0 
7-0 
7  0 

j 

Ut, 

Y 
T 
E 

3-7" 

\ 

I 

I 

1 
1 
1 

7-0 
1- 
1-5 
1-5 

4        2-4 
4        2-5 
4        2-4 

4 

4 

3  9 
3-7 

S0I3 

Y 
T 
E 

1 

/•3 

"  2-5 
6        1-2 
6     !   1-8 
6        1-5 

38 

Ut, 

Y 
T 

1 

1-5 
12        2-0 

8        2-1 

S0I4 

'   Y 
.    T 

! 

'20 
6        1-5 
6        1-5 

Ut„ 

Y 
T 

1 

i   1-5 
7        -70 

3      .7ri 

1 

•72 

:i  table  VI  are  given  the  mean  values  of  z  of  all  the  listeners 
Jther,  and  the  corresponding  values  of  2V,  x  and  2Yx  as  in 
e  IV.  The  energy  expended  per  second,  whose  amount  is 
m  in  col.  6,  passes  out  through  a  hemispherical  shell  whose 
us  is  given  in  col.  7 ;  this  statement  assumes  that  the  ground 
K3ts  all  the  energy  that  reaches  it,  which  is  the  assumption 
tly   made   by  Rayleigh*   in   his    oft-quoted    experiment. 

♦Proc.  R.S.,  xxvi,  248. 
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2Yh 
(28)  5~"tTJ==S=  energy  per  sec  passing  through  the  unit  of 

surface  at  the  limit  of  hearing;  or  for  200  ft. 


—  =2VkX4*3X10""^  ergs,  per  sec.  per  square 


em. 


2;r(200 

The  values  for  S  are  given  in  col.  6.  They  seem  to  indicate 
that  the  ear  is  most  sensitive  to  notes  in  the  middle  octave;  but 
with  regard  to  Utg  the  listeners  found  it  so  near  the  pitch  of 
the  ever-present  noises  that  it  was  more  easily  lost  than  other 
notes. 


Table  XI. 
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2 

3 

4 

5 

6               7 

o      2Va- 

Fork. 

z 

2V 

'^ 

•  2V/C 

G  — 

Distance. 

-^-2^, 

i 

10*  X 

KrK8-per  s. 

10-- X 

» 

Ut,   ) 

3-7 

G2 

•105 

1200 

8300 

/iOft.  [ 
100  "    f 

7-() 

.    220 

•20 

4400 

7000 

ut,  j 

2  5 

77 

•085 

G50 

280 

200  "  ) 
3C0  '*    J 

3  8 

178 

•09 

1005 

310 

Sol« 

1-5 

51 

•12 

610 

260 

200  ♦' 

rt^ 

2-0 

150 

•17 

255 

110 

200  " 

Sol  4 

1-5 

170 

•30 

5100 

2200 

200  *• 

Ut« 

•72 

03 

•2G 

MMO 

710 

200  " 

The  Uto  fork  was  mounted  hefure  a  resonance  box,  and  fitter 
to  be  driven  by  an  electro  magnet;  Utj,  S0I3  and  Ut^  we^r* 
mounted  on  boxes  of  the  usual  form  ojxmi  at  one  end  ;  the  Sol  ^ 
and  Utr,  were  open  at  both  ends.  The  Utg  was  heard  ma  ol 
better  in  front  of  the  box  than  beliind,  but  us  there  were  fovii 
observers,  and  those  before  and  behind  tlie  box  exchange*.: 
places,  any  error  from  this  dillerence  is  eliminated ;  no  diftereiice 
was  detected  with  the  other  forks. 

Two  in-door  experiments  may  be  given:  the  Utg  was  talcezi 
near  one  end  of  a  long  hallway,  and,  being  turned  in  various 
directions,  the  amplitude  was  noted  when  the  sound  ceased  to  a, 
listener  about  50  ft.  away:  here  we  cannot  apply  the  law  oi 
inverse  squares;  the  best  thing  is  to  assume  that  all  the  energ-jN* 
passes  throu<ih  every  transverse  section  of  the  hall,  althouo^  Li 
we  know  that  some  was  absorbed  by  the  end  wall,  and  soim^  € 
escaped  by  a  stairway  : 

2V;r=100  and  area  =10  m^  .  '.  S<100000X  10'». 

Again  the  Ut.j  fork  was  heard  about  2  m.  distant  when  th-- 
amplitude  was  less  than  -/^ :  as  the  fork  was  near  a  wall,  assume 
that  the  energy  passed  out  through  a  quarter  of  a  sphere;  anc-^ 
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as  the  ear  was  at  a  point  of  maximum  loudness,  assume  that  the 
energy  per  second  at  that  point  is  four  times  that  due  to  a  uni* 
form  distribution  oif  the  energy  : 

0*52 
2Vx<0-52 ;  S<:^--^—^  ;  S<1700X  10-B  ; 

table  VI  gives  8=300x10-8. 

Some  experiments  were  made  bearing  on  the  question  of  the 
division  of  the  energy  as  already  referred  to ;  they  indicate  that 
with  the  Ut,  fork  only  about  -^  of  the  total  energy  is  used  for 
the  sound-wave ;  but  the  observations  are  too  few  to  determine 
whether  the  theory  used  in  their  discussion  is  valid  or  not;  so 
this  matter  must  be  deferred  till  another  time. 

The  only  other  experiments  that  I  know  of  with  which  to 
compare  the  values  of  S  in  table  VI  are  three  in  number,  from 
which  I  have  computed  the  values  of  S  as  follows : 

Topler  and  Boltzman.*  closed  organ  pipe,  7*=  182 S= 10000  x  1 0"* 

Rayleigh.l  open  pipe,  w=2730 S=  4500x10  * 

ilJiird,^  bolls,  steam  syren,  etc.,  at  sea,  n  from  400  to  1500 S=»x4*3  x  10"* 

Following  Rayleigh's  formula  we  get  tlie  maximum  velocity 
of  the  air  particles  at  the  limit  of  hearing,  thus:  i;*=S~ia/>, 
rliere  a=  the  velocity  of  sound  =34000  cm,  and  p=*0013= 
density  of  air;  .*.  i;=''=S~22-i ;  the  amplitude  of  the  vibra- 
tion of  the  air  particle  =x=i;-f-2;r7i=  v^S-rSOw.  The  smallest 
value  of  X  to  be  obtaine<l  from  table  VI  is  70x10"^  cm.  for 
Ut^.  The  formula  computed  from  Allard's  data  would  give 
for  n=512,  x=31xl0-«cm.  Rayleigh  found  for  n=2730, 
r=81xl0-»cm. 

Bat  the  fuller  discussion  of  these  matters  must  be  postponed 
to  another  part  of  this  paper. 

•Pogg.  Ann.,  cxli,  321,  1870. 

f  Proe.  Roy.  Soc.,  xxvi,  248,  1877. 

IComptes  Hindus,  zcv,  1062,  18S^.     1  have  not  seen  his  longer  memoir. 
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Art.  XX II I. —  77/e  Drcay  of  Hocks  Ocologically  Considered;  by 

T.  Stkkuy  HrxT,  LL.D.,  F.RS. 

I Homlboforo ilio  Xntional  Aondoniy of Sc^ii'uceaat Wn8hing:toii,  April  17,  1883.} 

CoNTKXTS  OK  Skctioxh. — 1,  2.  Tlio  supposcd  relation  of  rock-decay  to  climate; 
3,  lUHMinpoMititui  itf  siiioatod  RH'kn:    1.  5.  Stiifjics  of  Pallas.  KoiinieU  J.  F.  Dana, 
"Wi'listtr.  Hliike:    «»,  Of   llartt    in    Mni/il ;    7.  Df  Slicpani   in   Connecticut;  8,9, 
AVIiitiu'v,  runipollyanil  l>:i\vsi»n  on  decay  of  liinostones:  10,  A  sub-aerial  process; 
II,  rj.   ItH  ai)tii|nity  and  its  relation  u>  glacial  erosion;   K{,  Decay  in  the  Blue 
Uiil^i*:   Iliiiii.  niirliank ;   I-l.  ir>.  (MiiMuioal  si><:nitimn(.v  of  decay  of  uluminons  sili- 
ratos;   Iti.   Analyses  of  dre«tnipi'St'd  fi-ldspars ;   17.  IS.  Tlic  question  in  relation  to 
oti/oii'  rtM'ks;    15^  Ht>\vlilers  in  iTyslalline   schists:    *20,   *J1,  Decayed  fmeis.'^  of 
U(H)s:ie    Mountain:    'J2,  Of  the  South    Mountain,  rcun.:    *2:s.  At   Atlanta,  Ga.; 
density  ofdet»;iy«Ml  riM»ks:  'J  !--<!.  «'i»])iiforoMS  pyrites  ;  itsdeciiy;  iron  and  copper 
ores;  'J7-;ut.  l.inionites  t»f  tin*  Aj»pahu'!iian  valley  ;  tertiary  liinonilos  (foot-note): 
:il-:M.   l.osloy.  .'neUsnn.   Kra/.er  and  Lyman  on  lirnonites;    Wh,  iiO.  \V.  B.  Rogers 
on  fonnatitui  and  si'irrt'^ation  of  sith-rite:    :i7.  .'iS.  Linmnites  from  st^rpentine  of 
hitateu   Island;    ;i!>,  runipeily  on  lUvay  ^'f  |Knrnsilex-porphyry  in  Miss*niri;  it& 
pro-ranihrian  anii(|uity:     lo.  Of  ^nu•iss*'s  in  Wisi'onsin  and  Minnesota:  Wliiie^ 
Winohell  and  living;  41.  Hook-iin-ay  in  Swedi-n  and  in  Scotland ;  42,  P<^st-CaiJX^ 
brian  tioray  of  iuneons  nvks:    U.  l."».  Deeay  of  auriferous  jrravels  in  California    ^ 
inlhaiav  oi  eaiboiiif  .-leid  :     lii.  Sli»:lit  doeay  hi  post-glacial   times:    effects  o^p 
chauije-  of  toniperaturi'  ifooi-noti*'):  17-40.  F'unipeUy  on  the  treological  relations  ^^^ 
rock-«io«':»v  ;   .■»t^-,'»2.  Studio:-  i»f  Ueuseh  in  Torsi.-a  :  .'»3.  Conclusions. 


$J  I.  Tho  sul\joot  of  the  decay  of  rocks  has  not  yet  received 
lvo\\\  irooloirists  :ill  the  attention  which  it  merits,  and  there  stilj 
ftj^pear  \o  bo  niL-ioonooptitMis  witli  regard  to  it  which  warrant  us 
in    roviowini:   some    p«»int:i    i!i    its    history.     Professor   F.   II. 
Sioior.'  in  a  reoent  notice  ot'a  suiTL^'estion  of  Xordenskiolds  oa 
to  t!.o  '.il'cratio:!  .^f  irenis  tlirougli  the  decay  of  the  feldspatliic 
iwas  \\\  wlyicl.   tiev  :ire  oiton  contained,  cites  with  approval 
:"'e  v"oiv.iov.  o*.'  Trotossor  Stu'bs  .»l  A!:iba:na  that  '*the  decora- 
pt^s !  o".'    of    i'..ose  vooaS   iv.    sontiier!!   latitudes  has   pnxieeded 
:•  :v''   :";.<:■  r  :'u.:^  wi:i:   :'.o  s.i::..'  r.vk>  ::i   hiiiiier  latitudes,"  a 
"  ^  ■^■\'.:--./--.  w'. '.  >   ..M';  V'  :..-''«:!-.:o.i   for.  i'^  a  large  extent,  by 
v' ;•.•    v.    ■.:•'..•.■ '..0-.'       "i  :x  x\<.\   :x\.\    fr^^st   no'.v   prevailing  in 
!\^';'.    ;'-.  •    vi-  .    <  ;.:.'  s  :•.  ■.  .^s.  1  Vv  .ii:r.  :o  retard   the  action  of 
:i:":.^<;  1  ;v V  \\..:^'vs.  vc^.-r.ivd  :\s  ::.o  oVeinioal  a^ent  of  this  pro- 
v-v-->  .^:  .;5.\'..v.'      I  .•.■>.^  v.- -.vs   •/.•.i-.v.'.c  ::::i:  ::.e  j^'ro)«:ess  is  one 

V  lo   i::    „  :     :'  ;^  :  -  s-.    '  :  ::.■..  :.:    ;;o:e'  :e':  ':«v  Professor  Storer. 

V  "  /  r::.s  o'" :.  ;   ■■  :ii.:\^  :iv-:-vo  :\-.l  :1.  ^r  '^:jl:-ro:ni:  disinteera- 

5j  -  1'  .■:  :\  :  ■•^-.  :e  .  .  :;.v  \.:r.:.^r:.  :\vni:sy^here  of  a  man- 
:"  ■  :"  >.  ::  ■  :.;  ':  :.:-:r:'.  ::  :.\  :/o  \- ::..■  :  .  r^iu  of  crvsialline 
r  \-"- -  s  •  •.•:;:  ■  '■  ■.".-.  .■.:  •.'■.■;  .^■.::::..^y>  f  :V.rse  ir*  low  than  in 
V\:"     ■;:*:";■<.    ■■"  ;•::  ■:  :>  o::v:-:   v:.::rvl.   ii' sen:.  :s  a  famiiiat 

•' .%,.    ,  .    ....i..C  ;r  •  . -kT ..'rc^C^i  ulUidL*.^ 
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differences  have  nothing  to  do  with  the  fact  that  similar  rocks 
are  in  one  area  covered  with  a  thick  layer  of  the  products  of 
decay,  and  in  another  are  wholly  destitute  of  it. 

§  3.  The  decay  in  question  is  well  known  to  be  due  to  a 
chemical  change  of  which  the  predominant  mineral  silicates  of 
the  rock,  chiefly  feldspars  and  hornblende,  are  the  subjects,  and 
which  results  in  the  removal  b}'^  solution  of  the  proioxyd-bases, 
together  with  a  great  proportion  of  the  combined  silica,  leaving 
es!?entially  a  residue  of  clay,  mingled  with  quartz,  garnet,  mag- 
netite and  such  other  mineral  species  as  resist  the  process  of 
decomposition. 

§4.  A  memoir,  by  Fournet,  published  in  1834,*  gives  many 
facts  regarding  the  early  observations  on  rock-decay.  Its 
auihor  there  describes  the  wide-spread  decomposition  of  the 
granites  near  Pont-Gibaud  in  Auvcrgne,  a  change  which 
Deribier  de  Cheissac  had  already  shown  to  be  anterior  to  the 
deposition  of  the  Tertiary  rocks.  Fournet,  moreover,  noticed 
tbe  similar  decay  of  basalts,  phonolites,  trachytes,  and  even 
olwidians,  and  cfescribed  the  process  of  exfoliation  by  which 
were  left  rounded  masses  of  undecaved  rock.  He  cites  in  this 
connection  the  observations  of  Pallas,  who,  in  his  travels  in 
Siberia  (1768-1774),  noticed  hills  ''that  seemed  composed  of 
masses  heaped  together,  as  it  were  rounded  by  decomposition." 
The  view  of  Werner  that  the  rounded  form  of  masses  such  as 
these  was  due  to  original  concentric  structure,  was  rejected  by 
Fournet  !'■  ^^.  -' 

§5.  In  1818,  Messrs.  J.  !lf.  and  $.  !(j.  Dana  described  a  simi- 
lar phenomenon  in  the  decaying  greenstones  at  Somerville, 
near  Boston,  Mass.,  where  the  rock  was  found  to  be  converted 
by  decay  in  situ  into  nodular  masses  nresenting  exfoliating 
concentric  layers  of  diflFering  degrees  of  uecomposition.  These 
masses  rest  upon  each  other,  decayed  matter  filling  the  inter- 
stices.* In  1825,  T.  W.  Webster  noticed  the  same  example, 
and  explained  the  formation  of  bowlders  by  the  exfoliation  of 
the  decayed  greenstone.*  Again,  in  1858,  W.  P.  Blake 
described  the  production  of  rounded  masses  both  of  sandstone 
and  of  granite  through  disintegration.  lie  explains  how  angu- 
lar blocks,  separated  by  joints  admitting  water  to  all  sides, 
would  be  "attacked  most  rapidly  on  the  angles,  thus  produc- 
ing a  succession  of  curved  faces  gradually  approaching  a 
sphere,"  and  illustrates  the  process  by  iigures.  lie  described, 
moreover,  the  bowlderlike  masses  of  granite  in  Placer  County, 
California,  lying  on  an  uneven  surface  of  the  same  rock,  "  as 
doe  to  the  manner  in  which  the  rock  decomposes,  and  not  to 

'  Ann.  do  Oh.  et  do  Vhyn.  |2|  v.  Tlo-'liiW. 

■*  Mem.  Aroer.  Acad.  Sck'nces.  Ist  Series,  iv,  20l. 

*  Boston  Journ.  I*hilo8.  aud  Arts,  ii.  285. 
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abrasion."    Like  Fournet,  he  rejects  the  notion  of  an  original 
concentric  structure  in  the  rock.* 

§  6.  Ilartt,  in  1870,  discussed  the  well-known  examples  of 
rock-decay  found  in  Brazil,  and  called  such  rounded  masses  of 
rock  as  we  have  just  described  "bowlders  of  decomposition." 
He  moreover  noted  that  the  jirocess  of  decay  was  there  anterior 
to  the  supposed  glacial  action,  which  had  worked  over  the 
material  of  the  previously  decomposed  rocks.'  Lyell  already, 
in  1849,  had  jx)iuted  out  that  the  Tertiary  clays  and  sands  of 
the  southern  United  States  have  been  derived  from  the  waste 
of  the  previously  decayed  crystalline  rocks  of  the  region;* and 
as  we  have  seen,  the  ante-Tertiary  age  of  the  decay  in  Auvergi.e 
had  long  before  been  recognized. 

§  7.  The  account  given  by  Professor  Charles  Upham  Shepard, 
in  1837,  of  the  origin  and  mode  of  occurrence  of  the  porcelain- 
clays  of  western  Connecticut  is  remarkable  for  its  exactness 
and  perspicuity.  That  at  New  Mil  ford  is  described  as  occur- 
ring *'  upon  the  western  slope  of  an  elevated  range  of  granitic 

gneiss In  many  places  the  decomjwsition  of  the  parent 

rock  is  so  complete  as  to  present  the  aspect  of  a  secondary 
deposit ;  but  the  prevailing  appearance  is  that  of  the  rock 
altered  in  place  through  the  aecay  of  the  feldspar  and  mica. 
Indeed,  the  same  relative  arrangement  of  the  quartz  and  the 
altered  feldspar  is  observed  in  the  bed  as  is  presented  by  these 
materials  in  the  undec<^mposed  rock.  Veins  and  seams  of  a 
perfectly  impalpable  while  clay  traverse  the  rock  in  various 
directions,  analogous  to  the  veins  of  feldspar  in  the  granite  of 
the  neighborho(Hl."  Of  a  ])iire  white  clay  in  the  town  of  Kent, 
our  author  savs,  **  It  forms  a  vein  many  feet  in  width,  cut- 
ting  through  quartz  rock.  It  owes  its  origin  to  a  graphic 
granite,  which  must  have  been  free  from  mica.'*  A  similar 
vein  ol  clay  is  describe*!  as  occurring  in  the  town  of  Cornwall, 
and  as  including  frequent  crystals  of  black  tourmaline;  the 
feldspar  also  being  incompletely  decomposed." 

§  8.  As  showing  that  the  process  of  sub-aerial  decay  is  not  con 
fined  to  silicated  rocks,  it  may  be  noted  that  J.  D.  Whitney 
described  in  1S(^2,  the  oxisienoe  in  the  lead-region  of  Wisconsin 
of  a  laver  of  red  rlav  and  sand,  mixed  with  chert,  someiimes 
thirty  teet  in  thickness,  wliich  he  showed  to  be  a  residuum 
troni  the  secular  decay  of  several  hundred  feet  of  the  impure 
Paleozoic  limestones  of  the  rcirion.*"  A  like  occurrence  was 
afterwards,  in  lt<73,  described  by  Pumpelly,  in  southern  Mis- 
souri, where  such  residuary  dejtosits  sometimes  attain  a  thick- 

*  (Tt^>l.  HoaMi.  of  ('ai;ioriiia.  pp.  14»).  "JSi). 

■"  Soiontifio  nosnlis  ol'  ji  Joiimey  in  Hrazll.  pp.  2S.  57.^. 

*  l.yell:  A  Second  Visit  lo  tin-  I'liitou  Slaie?.  ii,  'JS. 

*  Siicpani:    Uiport  of  tloolo^'ical  Survey  of  Connecticut  (1S37),  pp.  73-75. 
'•  Geology  of  Wisconsin,  i.  1*2 1. 
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ness  of  120  feet."  This  process  is  evidently  due  to  a  simple 
aolation  of  the  carbonates  of  lime  and  magnesia  in  meteoric 
waters. 

§  9.  A  similar  decay  is  conspicuous  along  the  outcrop  of  the 
Auroral  limestones  and  their  associated  schists  in  the  Appa- 
lachian valley,  as  will  be  noticed  farther  on,  in  §  27,  and  may 
also  be  seen  at  several  points  in  the  Trenton  limestone  and  the 
Utica  shale  of  the  St.  Lawrence  valley.     One  of  these  localities, 
described  by  Dr.  J.  W.  Dawson,  is  at  Les  Eboulemens,  on  tlie 
north  shore  of  the  St  Lawrence,  below  Quebec.     Here,  at  the 
southwest  base  of  the  high  Laurentide  hills,  the  Post-pliocene 
clays,  enclosing  marine  sliells  and  large  gneiss  bowlders,   are 
found  resting  upon  a  mass  of  Utica  slate,  deprived  of  its  calca- 
reous matter,  and  so  soft  as  to  be  readily  mistaken  for  the 
newer  clays  of  the   region    but   for  its   stratification   and  its 
organic  remains.     This,  according  to  Dawson,  had  been  changed 
to  a  great  depth  by  sub-aerial  action  previous  to  the  period  of 
submergence,  during  which  it  was  covered  with  the  bowlder- 
day."    Some  facts  connected  with  the  decay  of  the  Trenton 
limestone  near  Montreal  will  be  mentioned  in  §42. 

§  10.  It  may  be  said  that  with  the  exception  of  Darwin,  who 
had  observed  the  decay  of  rocks  in  Brazil  and  conjectured  that 
the  process  might  have  been  sub-marine,  all  observers  have  cor- 
rectly regarded  it  as  sub-aerial.  The  chemistry  of  the  process 
^as  discussed,  among  othera,  by  Fournet  in  the  paper  already 
cited,  and  later  by  Delesse  in  1853;"  also  very  rully  by  Ebel- 
naen,  who  considered  the  question  of  rock-decay  in  its  relations 
to  the  atmosphere,  in  two  memoirs  in  1845  and  1847."  The 
Baine  subject  was  further  considered  at  some  length  by  the 
present  writer  in  1880." 

§11.  Having  thus  briefly  indicated  some  of  the  points  in  its 
history  during  the  past  century,  we  are  prepared  to  notice  in 
p^ore  detail  the  contributions  made  to  the  subject,  considered 
111  its  geological  bearings,  during  the  last  ten  years.  Previous 
^  this,  as  we  have  seen,  it  had  been  recognized  that  the  process 
^  rcx5k-decay  had  been  in  operation  not  only  in  pre-glacial 
^^t  in  pre-Tertiary  times,  and  that  the  resulting  material  had 
^tx  the  source  of  Tertiary  clays  and  sands,  and  even,  in  certain 
^^^^s,  of  glacial  drift  and  bowlders. 

&  12.  In  a  review  of  Hartt's  volume  on  Brazil,  in  1870,  the 
P^'Cseni  writer  said :  "  The  great  wasting  and  wearing-away  of 
^'"y  stalline  rocks  in  former  geological  periods,  of  which  we  have 

j^  Oeoloirical  Survey  of  Missouri:  Jron  Ores  and  Coal  Fiel«ls.  p.  8. 
-^       X>aw8on :    Notes  on  the  Posi-pliocene  Geology  of  Canada ;  from  Canadian 
■"^^^Talist,  vol.  vi.  1872. 

^    l3uU.  Soa  Geol.  de  France,  x,  256. 
Annalea  des  Mines  [4],  vii^^and  xiii. 
^  This  Journal,  ziz.  349 ;  see  also  his  Chem.  and  Geol.  Essays,  p.  100. 

An.  JouB.  Sci.— Third  Sbhies,  Vol.  XXVI,  No.  153.— Sept.,  1888. 
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abundant  evidence,  is  less  difficult  to  understand,  when  ure 
learn  that  rocks  as  hard  as  those  of  our  New  York  Highlands 
become  [are]  even  in  our  own  time,  under  certain  conditions  so 
softened  as  to  oflTer  little  more  resistance  to  the  eroding  action 
of  a  torrerit  than  an  ordinary  gravel-bed."     Subsequently,  in  an 
account  of  some  observations  made  in  North  Carolina  among 
the  rocks  of  the  Blue  Ridge,  and  presented  to   the   Boston 
Society  of  Natural  History,  October  15,  1873,  he  expressed  the 
belief  that  the  decay  of  crystalline  rocks  was  a  process  of  great 
antiquity:  that  it  had  been   universal;  that  the  covering  of 
decayed  material  now  seen  in  the  south  at  one  time  extended 
to  the  rcxsks  of  northern  regions,   from   which   it   had   been 
removed  l)y  erosion  during  successive  ages,  culminating  in  the 
Glacial  ])eriod  at  the  close  of  the  Pliocene,  since  which  time  the 
chemical  decomposition  of  the  surface  has  been  insignificant. 
From  the  products  of  this  sul>-aerial  decay  it  was  then  main- 
tained has  been  derived  a  great  part  of  the  sediments  alike  ol 
I\nleozoic,  Mcsozoic  and  Cenozoic  times.    The  permeable  nat 
of  the  surface-soil  formed  of  highly  inclined  strata  of  decayec 
rocks,   allbrding  a  natural  subterranean  drainage,  explains,  i 
was  said,  both  the  absence  of  lakes  and  the  comparative  perm 
nency  of  the  surface  to  be  remarked  in  uneroded  regions;  sho 
ing  that  something  more  than  ordinary  aqueous  agencies  mu 
have  eflccted  the  removal  of  the  decayed  material." 

§  13.  This  communication  of  mine  was  speedily  followed  b 
a  paper  published  in  the  Proceedings  of  the  Boston  Society  c 
Natural  History  for  November  19,  1873,  by  the  late  Mr,-  L.  £ 


Burbank,  repeating  and  insisting  upon  the  same  conclusion 
and,  moreover,  dwellinir  especially  upon  the  process  of  d( 
(which  he  also  had  studied  in  North  Carolina),  as  a  preliminai 
to  the  formation  of  })owlders  and  glacial  drift 

In  accordance  with  the  views  thus  expressed   in   1870  ai 

1873,  it  wius  conceived   that  the  power  of  the  usual  erodii 
a^iTMits,  iceand    water,  would   be  inadequate  to  the  removal 
«rreat  areas  of  roek  unless  this  had  been  previously  softened 
deray,  and  in  a  review  of  the  subject  b}'  the  present  writer, 
1873,   the  conclusion   was  reached  that  the  decomposition 
rocks  has  been   *'  o  /iecAs*svn-^  prdimhiar)/  to  tjiacial  and  erosi 
nction.  ivhic/i  re'ncovtd  already  softened  materials,^' ^^     Such  erosi- 
and  denudation  would,  in  accordance  with  this  view,  consist 
the  removal  of  previously  decayed   rocks,  and  the  forms  a" 
outlines  of  the  sculjUured  surface  thereby  exposed  would 
determined  by  the  varying  depths  to  which  the  process  of  si 

*  T\h  Natir.n.  New  York.  Dec.  1.  1870. 
I'fO'-.   i;o^ioii  Soc.    Xat.   History.  Oct.   15,   187;{,  aod  this  JouTDal,  vil 
also  J'ro^'.  An.fT.  .\«.-o('.  Adv.  Science  for  1874,  p.  39;  and  Hunt,  Chem.  and  G 
Kk^y  •..],  10,  :^rwj. 

•'■  iiiir\,rfH  Annual  l{e<:ord  of  vSeience.  etc.,  for  1873,  p.  zlviii. 
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aerial  decomposition  had  already  jjenetrated  the  once  firm  and 
aolid  rock.  The  baain-like  depressions  and  the  hillocks  of  the 
eroded  aurface,  not  leas  than  the  detached  rounded  masses  or 
bowlders,  were  thus,  as  the  writer  has  ever  since  taught,  the  re- 
salts  of  the  previous  process  of  rock-decay. 

§  14.  I  had  long  before  this  time  been  led  to  insist  upon  the 
evidences  of  a  wide-spread  decomposition  of  crystalline  rocks  in 
▼ery  early  periods  of  geological  history.  In  an  essay,  entitled 
Some  Points  in  Chemical  Geology,  published  in  1859,"  and 
another,  on  The  Chemistry  of  Metamorphic  rocks,  in  1863," 
Ijoth  reprinted  in  my  volume  of  Chemical  and  Geological 
Sssays,  I  have  pointed  out  the  important  part  played  by  the 
protoxyd- bases  liberated  by  the  sub-aiiria!  decay  of  feldspathic 
and  hornblendic  rocks.  Starting  from  the  conception  of  a 
primitive  terrestrial  crust  consisting  wholly  of  crystalline  sili- 
cated  rocks,  we  are  forced  to  find  in  such  a  process  of  decay 
the  source  of  all  limestones  and  dolomites,  which  are  denvea 
from  the  carbonates  of  lime  and  magnesia  generated  either 
directly,  during  the  process,  from  the  bases  previously  existing 
'D  the  state  ot  silicates,  or  indirectly,  by  reactions  between' 
tnagnesian  and  alkaline  carbonates  formed  during  the  decay, 
ana  the  calcic  salts  of  the  early  ocean.  The  chemical  genesis 
of  the  lime  carbonate  must  evidently  precede  its  assimilation 
by  organisms.  It  was,  in  fact,  thus  shown,  as  the  result  of  a 
great  number  of  observations,  that  fossil  sea-waters  (mineral 
Waters),  representing  the  ocean  of  Paleozoic  and  even  of  Mcs- 
ozoic  times,  contained  large  proportions  of  calcic  chloride,  such 
*a  are  required  by  this  theory."  The  relations  of  these  reactions 
when  "  this  decay  of  alkaliferous  silicates  is  sub-aerial,"  as  set 
forth  in  1859  and  1863,  will  be  found  discussed  at  length  in  the 
Volume  of  essays  above  named  on  pages  23-31,  and  page  108. 

§  16.  I  further  proceeded  at  that  time  lo  consider  the  propor- 
•^lons  between  the  alkalies  and  the  alumina  in  the  various  char- 
acteristic minerals  of  crystalline  rocks,  noting  the  decrease  in 
the  former  which  is  seen  when  silicates  like  ortiioclase  and 
ftlbite  are  compared  with  micas  like  muscovite,  and  with  sili- 
cates like  cyanite,  pyrophyllite  and  staurolite.  The  conclusion 
Wrb  then  reached  that  "the  chemical  and  nlineralogical  consti- 
tution of  different  systems  of  rocks  must  vary  with  their 
*ntiquity,"  and  that  "it  now  remains  to  find  in  their  compai-a- 
ijve  study  a  guide  to  their  respective  ages;"  in  which  connec- 
tion a  comparison  was  then  attempted  between  the  older 
gQeisses  and  the  newer  crystalline  schists.  A  further  applica- 
*'on  of  this  principle  was  essayed  in  1878,  when  the  progres- 
"  Oeol.  Journ.,  London,  it,  -IBS-iSG. 
"  GeoL  Soc  Journ.,  Dublia.  i,  85-96. 
"Runt:  Gbem.  and  0«ol.  Kasaya,  pp.  41, 108,  117-121. 
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sive  elimination  of  the  alkalies  from  the  aluminiferous  rocks  of 
the  eozoic  groups  was  shown  by  comparing  the  mineralogical 
composition  of  the  Laurentian  with  the  Huronian,  Montalban 
find  Taconian  crystalline  schists." 

§  16.  It  should  here  be  noted  that  decayed  feldspars,  even 
when  these  are  reduced  to  the  condition  of  clays,  have  not,  in 
most  cases,  lost  the  whole  of  their  alkalies.     This  is  well  illus- 
trated in  a  series  of  analyses  by  Mr.  E.  T.  Sweet,  of  the  kaolin- 
ized  granitic  gneisses  of  Wisconsin,  to  be  noticed  farther  on 
(§31).     From  these  analyses  it  appears  that  the  levigated  clays 
from  these  decayed  rocks  still  hold,  in  repeated  examples,  from 
two-  to  three-hundredths  or  more  of  alkalies,  the  potash  pre. 
dominating." 

§  17.  It  would  follow  from  the  considerations  advanced 
above,  that  the  decay  of  crystalline  rocks  is  an  indispensable 
preliminary  to  the  formation  of  limestone,  and  that  the  earliest 
silicated  rock  must  have  contained  no  carbonates  whatever. 
There  are  many  reasons  for  doubting  whether  this  veritable 
primary  system  is  known  to  us,  but  it  will  be  remembered  that 
at  the  base  of  the  Laurentian,  as  seen  on  the  Ottawa  River, 
there  is  a  vast  and  unknown  thickness  of  red  and  gray  granitoid 
hornblcndic  gneiss,  aj)parently  destitute  of  limestones,  and 
underlying  the  great  series  of  somewhat  similar  gneisses  inter- 
stratified  with  liniestoiios  with  graphite,  iron-oxyds  and 
quartzites,  which  were,  as  early  as  1847,  described  by  the  Cana- 
ctian  geological  anrvev  as  "a  separate  grouj)  of  metamorphic  ' 
strata,''  charA(tterizod  by  those  litholo^ical  ditfurences.  Logaii, 
however,  s\ij)posed  the  two  groups  to  be  conformaV>le,  and  they 
were  in  1854  both  included  under  the  common  name  of  Lauren- 
tian (afterwards  the  Lower  Laurentian  of  Logan). 

In  a  subsequent  review  of  the  subject  in  1878,  I  designated 
the  lower  as  the  Ottawa  grou]),  ami  the  upper  group  as  the 
Greiiville  series.''*  It  was  this  latter  group  which  had  beea 
carefully  studied  and  map})ed  by  Logan  and  his  assistants,  and 
which  has  served  as  the  type  of  the  Laurentian  system.  I  have 
since,  in  a  papt^r  read  before  the  American  Association  for  the 
Advancement  of  Science,  in  1S79,"  noticed  the  probable  non- 
conforniability  of  this  Laurentian  system  with  the  underlying 
or  pre- Laurentian  gneiss,  and  the  possible  relations  of  the  latter 
to  the  fundamental  or  Lewisian  gneiss  of  Scotland,  and  the 
Bojian  gneiss  of  Havana. 

■■-  Second  <  Jt*oli»giL'Jil  Survey  of  Pa.;   Azoic  Kocks.  llcp.  K.  p.  210. 

•^  Soo  for  tliese,  Irviii>?  on  tlic  Mineral  Kcsouroe.-*  of  WiHcoiisin,  Proo.  imer. 
Inrit,  M.  Hnj^incers.  vol.  viii.  p.  IJO,').  For  »)thcr  analyses,  see  (ieo.  H.  Cook.  GeoL 
Survev  of  New  .Jersey,  Keport  on  Clays,  1H78, 

•*  Azoic  Rocks,  i-p.'  r,l,  i  ts.  ir.l-lfir.. 

-^Tlie  i»re-Canil)rian  Rockn  of  Knrope  an<l  America  compared.  Amer.  Jour. 
Sci..  xlx,  pp.  270,  27;-),  281;  also  (Jeol.  Mag.,  Jan.  1882,  p.  38,  and  BulL  Sot 
ti^ol.  lie  France,  x,  20. 
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§  18.  The  existence,  in  the  Laurentian  series  of  limestones, 
ot  less  than  that  of  iron-ores  and  of  graphite,  pointing  to  the 
xistence  of  land  and  of  vegetation  during  the  deposition  of  the 
jaurentian,  forces  us  to  conclude  to  a  process  of  sub-aerial  decay 
)f  the  more  ancient  gneisses  in  that  far-off  period.  Such  a  pro- 
cess must  have  been  continued  in  later  times  to  give  the  mate- 
rials for  the  aluminiferous  sediments  of  the  newer  eozoic 
groups,  and  we  might  therefore  hope  to  find  in  the  latter  bowl- 
ders or  pebbles  of  more  ancient  gneisses,  such  as  are  met  with 
among  the  products  of  sub-aerial  decay  in  later  deposits.  Re- 
markable examples  of  such  rounded  masses,  alike  of  Montalban, 
Huronian  and  Laurentian  or  pre-Laurentian  types  are  found 
abundantly  in  the  very  ancient  pre-Cambrian  (Keweenian),  con 
?lomerate8  on  Lake  Superior,  as  I  have  elsewhere  described, 
^ot  less  striking  examples  of  rounded  masses  of  older  gneisses 
•ccur  in  the  Huronian  series  in  many  localities,  particularly  on 
AkeTemiscaming,  where  are  great  beds  of  conglomerate  made 
p  chiefly  of  gneiss  bowlders."  I  have  elsewhere  noticed  a 
>ecimen  in  my  possession  which  shows  a  perfectly  well-defined 
id  rounded  pebble  of  finely  granular  white  limestone,  measur- 
ig  an  inch  in  its  greatest  diameter,  enclosed  in  a  laminated 
>rnblendic  gneiss  from  Grafton  County,  New  Hampshira 
ices  cut  from  the  specimen  for  the  microscope  show  a  strong 
Ifaesion  between  the  limestone  and  the'quartz  and  feldspar  of 
e  matrix,  without  however  any  evidence  of  chemical  change 

the  contact." 

§  19.  The  rounded  masses  and  pebbles  of  gneiss  found  abun- 
intly  in  several  localities  imbedded  in  the  pre-Cambrian  mica- 
•ous  schists  of  the  Saxon  Erzgebirge  are  not  less  remarkable 
samples  of  the  same  kind.  I  had  in  1881  the  opportunity  of 
tamining  with  Dr.  Credner  a  large  collection  of  these,  which 
>nsi3t  chiefly  of  types  of  various  kinds  of  gneiss  resembling 
lose  of  the  Laurentian  series  as  seen  in  North  America  and 
»  the  Alps.  These  Saxon  mica-schists,  with  their  associated 
Qeisses  passing  into  granulites  or  leptynites,  have  all  the  char- 
3teri8tics  of  the  Montalban  or  newer  gneissic  series  of  North 
America  and  of  the  Alps,  to  which  I  have  elsewhere  compared 
>em  in  two  communications"  wherein  are  noticed  the  above- 
mentioned  conglomerates,  which  had  been  previously  studied 
'  much  detail  bv  Sauer*"  in  1879.  No  one  who  sees  these 
-cumulations  of  rounded  masses  of  gneiss  and  other  crystalline 
^cks  entering  into  conglomerates  at  the  various  horizons  above 
*naed,  can  fail  to  be  struck  with  their  close  resemblance  with 

^  Bunt,  Azoic  Rocks,  pp.  78,  230. 

Geology  of  Canada,  1 863,  p.  50. 
'  Bull.  Soc.  G^l.  de  France,  [3]  x.  27. 

Geol.  Magazine.  Jan.  1882,  p.  39.  and  Bull  Soc.  GM.  de  France,  x,  26. 

Zeitechrift  f .  d.  gee.  Naturwiss,  Band  lii. 
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those  which  are  to  be  found  either  in  the  glacial  or  other  mod- 
em deposits,  or  lying  in  situ  as  undecayed  rounded  masses  Id 
the  miast  of  decomposed  rocks.  It  is  difficult  to  resist  the  con- 
clusion that  these  rounded  masses  of  the  eozoic  ages  must  have 
been  formed  under  conditions  not  unlike  those  which  gave  rise 
to  their  more  modern  representatives. 

§  20.  The  various  considerations  above  presented  thus  led 
the  writer  in  1873  to  assign  to  the  beginning  of  the  process  of 
rock-decay  an  antiquity  compared  with  which  the  time  that 
has  elapsed  since  the  drift-period  is  to  be  regarded  as  of  short 
duration.  It  was,  however,  then  suggested  by  him  that  a  cli* 
mate  and  atmospheric  conditions  unlike  those  of  modern  times 
might  have  favored  the  process  in  the  earlier  ages.  Further 
evidence  was  soon  forthcoming  both  of  the  former  spread  of 
this  decay  over  northern  regions  and  of  its  great  antiquity. 

In  1874  I  was  called  to  examine  the  condition  of  the  great 
tunnel  then  recently  opened  through  the  Hoosac  Mountain  in 
western  Massachusetts,  my  report  on  which  was  published  by 
the  General  Court  of  the  State  ;"  while  a  note  on  the  observa- 
tions therein  made  which  have  a  bearing  on  the  present  inquiry, 
was  presented  to  the  American  Institute  of  Mining  Engineers 
in  October,  1874." 

§  21.  As  there  explained,  the  gneissic  rock  of  Hoosac  moan- 
tain,  at  the  west  end  of  the  tunnel,  700  feet  above  the  sea,  ^ 
completely  decayed,  the  feldspar  being  converted  into  kaol^^ 
for  a  distance  of  several  hundred  feet  eastward  along  theliri^ 
of  the  tunnel.     The  gneiss  on  the  crest  of  the  mountain,  2,0O^ 
feet  above  the  sea,  and  on  the  eastern  slope,  on  the  contra^  5» 
wherever    exposed,    presents   the   rounded    surfaces  comm 
throughout  the  region,  often  marked  by  glacial  striae,  and  wii 
out  any  appearance  of  decay.     The  softening  and  decompo- 
tion  of  the  highly  inclined  strata  of  gneiss  in  the  tunnel  v/i 
described  as  fiomj^lete  for  a  distance  of  600  feet  from  the  w< 
j)ortal,  where  the  floor  of  the  tunnel  is  200  feet  from  the 
face,  and  were  j^artial  at  1,000  feet,  where  it  is  230  feet  belo^ 
while  farther  in,  at  1,200  feet,  an   included  bed  of  limoni"^ 
doubtless  of  epigenic  origin,  showed  that  the  solvent  and  oxy^*"^^^' 
izing  action  of  atmospheric  waters  had  penetrated  to  a  depth  ^ 

more  than  300  feet  from  the  present  surface.     At  the  weste^^^^^ 
entrance  to  the  tunnel  the  gneiss  is  immediately  succeeded  "^ 

the  crystalline  limestone  and  quartzitc  of  the  Taconian  (Lor 
Taconic)  series,  the  decayed  rocks  apparently  coming  from 
neatii    the    limestone.     It  was   evident  that   this   great   m         ^ 

of  dcicayed  gneiss  at  the  western  base  of  Hoosac  Mountains ^  '^ 

but  a  portion  of  a  once  wide-spread  mantle  of  similar  mater^K-^^ 


*'  lloiiso  Docimient  N"o.  9,  1875. 

*•  Proc.  Auicr.  Inst.  M.  Eugineers,  iii,  187. 
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hich  has  escaped  the  action  that  denuded  and  striated  the  sur- 
ice  of  the  other  parts  of  the  mountain. 

§  22.  Numerous  examples  of  similar  remaining  portions  of 
ecayed  feldspathic  rock  have  been  observed  farther  southward, 
3  in  northwestern  Connecticut  (described  in  §  7\  and  among 
le  Laurentian  rocks  of  the  South  Mountain  in  Pennsylvania, 
orth  of  the  Schuylkill.  One  of  these  decayed  portions,  at 
iesholtzville,  Penn.,  was  seen  in  1875,  where  a  bed  of  mag- 
etite,  at  that  time  mined,  was  found  to  overlie  at  a  high  angle 

mass  of  granitoid  gneiss  completely  kaolinized,  but  appar- 
ntly  protected  from  erosion  by  the  incumbent  iron-ore. 

In  another  example  in  the  same  region,  about  two  miles  south 
f  Allentown,  Penn.,  the  Primal  sandstone  was  found  resting 
or  a  little  distance  on  the  Laurentian  gneiss,  here  much  de- 
ayed.  Where  this  had  been  exposed  in  a  recent  cutting  (in 
875)  the  reddish  feldspathic  rock,  still  retaining  its  color  and 
\s  gneissic  structure,  though  kaolinized,  contained  numerous 
bowlders  of  decomposition,"  from  three  to  twelve  inches  in 
iameter,  consisting  of  undecayed  gneiss,  the  laminated  struc- 
are  of  which  was  clearly  continuous  with  that  seen  in  the 
Dclosing  decayed  mass.  These  bowlders,  still  in  situ,  spher- 
idal  in  form,  and  often  with  pitted  surfaces,  are  identical  with 
lose  found  in  the  drift  near  by,  on  the  southeast  slope  of  the 
ill,  and  are  very  different  in  outline  from  the  half-angular 
irnas  of  adjacent  sandstone  blocks.  This  gneiss  rock,  lying 
•caved  in  place,  would,  unless  examined  in  fresh  cuttings,  be 
adily  mistaken  for  the  drift  of  the  vicinity,  which  has  evi- 
mtly  been  derived  from  it. 
§  23.  In  my  earlier  notices  of  the  decayed  Montalban  rocks 

the  Blue  Ridge  in  North  Carolina,  I  had  described  a  mantle 
'  from  fifty  to  one  hundred  feet  or  more  of  decayed  material, 
it  this  according  to  the  late  Professor  W.  B.  Rogers,  some- 
ones  exceeds  two  hundred  feet,  a  tinckness  approaching  to 
lat  observed  at  the  western  base  of  Hoosac  Mountain.  I  have 
nee  noticed  the  decay  of  the  Montalban  rocks  near  Atlanta  in 
eorgia,  where,  with  local  exceptions  of  undecayed  areas  (as 
I  Stone  Mountain)  the  decomposition  is  more  or  less  com- 
lete,  in  many  places,  to  a  depth  of  fifty  feet  Here,  as  else- 
here,  the  more  massive  rocks  include  nuclear  masses  of  unde- 
ayed  material.  The  decayed  highly  hornblendic  gneiss  of 
Ltlanta,  though  still  retaining  considerable  coherence,  has  lost 
bout  two-thirds  of  its  weight,  the  specific  gravity  of  unchanged 
ortions  being  2'97— 3'08,  while  that  of  the  decayed  material 
3  reduced  to  1'20,  and  even,  for  some  specimens,  to  less  than 
."0."  The  decomposed  gneiss  in  this  region  is,  in  some  cases, 
efficiently  coherent  to  furnish  blocks  for  certain  purposes  of 

'^  Azoic  Rocks,  p.  250.5 


200  T.  S.  Hunln-The  Decay  of  Bocks. 

construction,  such  as  the  walls  of  rude  chimneys,  but  at  the 
surface  it  readily  disintegrates,  yielding  a  strong  red  soil,  often 
used  as  a  brick-clay.  The  decayed  mica-schists  of  the  Mont- 
alban  series,  which  still  retain  their  micaceous  aspect,  have 
been  calletl  hydro-mica  schists,  though  distinct  from  those  of 
the  Taconian,  with  which  they  have  been  confounded. 

§  24.    The   relations   of   the   large   deposits   of  cupriferous 
iron-pyrites  found  in  the  rocks  of  the  Blue  Ridge,  to  the  gen- 


lH)sits  wore  described  as  in  each  case  in  rocks  of  the  Montalban 
group — the  newer  gneisses  and  mica-schists — and  as  constitut- 


phurets,  removinsr  the  sulphur  and  the  cop|>er,  and  converting 
the  rt»sidue  int(»  limonite,  which,  in  a  vertical  lode  in  Ashe  Co., 
N.  C,  was  found  to  extend  to  depths  of  from  forty  to  seventy 
foot.     Beneath  iho  oxidi/.od  portion  is  ft>und  in  all  eases  the , 
unohanjrod  juritous   mass,  seldom   carrying   more   than  four*' 
or  five  hundroiUhs  of  oo]»per.     The  limonites  tlius  generated     \ 
wore  for  some  years  smoltod  for  iron,  both  in  Virginia  and  in     | 
Tennessee,  before  they  wore  discovered  to  be  yosmns  at  the  out- 
crops of  onpriforous  pyrites-lodes.       Between   the  unchauged 
pviitos  and  the  linioniio  there  is  often  founil  in  favorable  con- 
ditions :in  :uvinnulatiiMi  known  as  black  ore,  consisting  of  im- 
poriivtly  I'rysiallino  sulj'luuvis.  rioii  in  eop]>er,  and  sometimes 
aj^proav'hing  to  boniito  in  composition,  occasionally  with  re<l 
oxuli*  and  naiivo  copper,  the  whole  doubtless  reduced  from  the 
oMili/.od  and  dissolved  copper  bnniizht  from  above. 

<  •jr^.  Tlic  crvstallii-c   Kozoic    rocks  ol*  various  ajres  in  tlie 
more  T'.orti'tcrn  parts  of  inc  contir.oiu  contain,  as  is  well  known, 
mar.v  dc)\\<i:s  o!*  cunrifcriMis  ]uritous  oi*es,  both  in  veins  aacl 
bcv'ss  wluch,  like  ilic  enclosing  sti-nia,  are  undeeayed,  showing 
tiia:  ihc  jmwcss  of  o\i  iatio!\  like  li.ai  of  kaolini^^ation,  has  bee  xi 
a  vcrv  irra^iua":  one,  iioii^i:  back  :o  remote  aires.     We  have  seen 
{vo\\\  the  observation^  iv.  thesouihern  United  States  that  the osw • 
ilia: ion  of  the  sii':^:iids.  their  convorsi.Mi  into  limonites,  and  tli  c 
riMv.oval   thcrctVom   by  so'utiov.  of   ti:e  copf^r  went   on  pa^y"* 
:  : .- < :.   w  i ! \\   I i'.c  decay   of  : *:: e  i w c ;  ud : ng  rooks,  and  hence  pr«s ■ 
cci;v\i  tb.cir  crosio:\     Tiic  copper  :hus  dissolved  was,  as  I  ha^^^^ 
sr.iZi^csuM,  apjiin   licposiied   in   rocks  at  the  time  in  process  «o 
for::iat:o:\     The  cbic!"  van  of  ilie  iro:^.  bcine  left  behind,  a  ve  X"i 
:ab";c  cor.co'.^iration  ot*  li'.e  coi^Tvr  would  iherebv  be  effeete^<' 


•**  Tr.v    Ar.uT    '.*'::    V    K:  .::•  i-s^-^   ..   *:.',  :iv..;  i:.::-  ,To::raaI.  ri.  ,^05:  see 
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nd  we  should  expect  to  fiad  it  separated  on  reduction  as  rich 
ulphides,  or  as  native  copper.  In  accordance  with  this  view,  it 
vas  said  in  an  essay  on  The  Geognostical  Relations  of  the 
Vtetals,  in  February,  1873,"  that  certain  deposits  of  such  cop- 
per-sulphids  founa  chiefly  in  limestones,  probably  of  Cam- 
brian age  (Quebec  group),  which,  in  the  province  of  Quebec,  as 
at  Acton  and  Durham,  lie  along  the  northwest  border  of  the 
crystalline  Huronian  belt,  might  be  formed  from  "  the  results 
of  oxidation  of  the  cupriferous  beds  which  abound  in  the  crys- 
talline schists  of  these  mountains,  from  which  the  dissolved 
metal  accumulated  in  basins  at  their  foot,"  as  suggested  by 
Murchison  with  regard  to  the  cupriferous  Permian  strata  near 
the  crystalline  schists  of  the  Ural  Mountains.  **To  a  like  pro- 
cess," it  was  said,  '*  we  may  perhaps  ascribe  the  rich  deposits 
of  native  copper  in  the  Keweenaw  atnygdaloids  and  conglomer- 
ates which  rest  upon  the  ancient  Huronian  schists." 

§  26.  The  farther  extension  of  this  view  to  the  Mesozoic 
sandstones  of  Connecticut,  New  Jersey  and  Pennsylvania,  well 
known  to  be  very  often  impregnated  with  copper  disseminated 
ill  the  form  of  sulphides,  sometimes  associated  with  organic  re- 
mains, is  obvious.     It  is  to  be  noticed  that  the  strata  in  ques- 
tion are  generally  deposited  directly  upon  Eozoic  rocks,  from 
the  ruins  of  which  they  were  formed,  and  that  these,  in  our 
hypothesis,  furnished  the  dissolved  copper  from  which  the  dis- 
seminated ores  were  derived.     If  this  view  be  admitted   we 
have  farther  and  independent  evidence  that  the  decay  of  the 
Eozoic  rocks,  with  that  of  their  contained  cupriferous  sulphurets, 
was  going  on  in  that  pre-Cambrian  period  in  which  the  Kewee- 
nian  series  was  accumulated,  and  was  still  active  in  Mesozoic 
time. 

§  27.  Not  less  striking  examples  of  rock-decay  are  seen  in 
the  ffreat  Appalachian  valley,  of  which  Hoosac  Mountain,  the 
South  Mountain  and  the  Blue  Ridge  form  parts  of  the  eastern 
rina.  Therein,  as  is  well  known,  large  quantities  of  limonite 
are  mined,  from  New  England  to  Alabama.  This  ore,  as  well 
as  its  accompanying  manganese-oxide,  is  clearly  of  epigeuic 
origin,  and  is,  in  most  cases,  still  imbedded  in  ancient  and 
highly  inclined  clayey  strata  derived  from  the  sub-aerial  decay 
<«  situ  of  the  schists  which  accompany  the  dolomites  and 
(Juartzites  of  the  Primal  and  Auroral  (Taconian)  series.  These 
^res  have  been  formed  by  the  transformation  in  place  of  in- 
cluded masses  of  pyjites  and  of  carbonates  of  iron  and  manga- 
aese.**  The  evidences  of  the  pyritic  origin  of  many  of  these 
limonites  is  similar  to  that  for  those  of  the  Blue  Ridge  (§  24), 
Qamely,  their  association  with  unchanged  pyrites.  An  exam- 
ple of  this  is  seen  in  the  so-called  copperas  mine  at  Breinigs- 

**Proc.  Amer.  lust.  M.  Engineers,  i.  341. 
'•Azoic  Rocks,  pp.  201-203. 
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ville,  near  Trexlertown,  Penn.,  long  ago  described  by  H.  D. 
Rogers,"  where  large  quantities  of  pyrites  have  been  mined 
from  the  same  openings  which  yield  limonite,  some  of  which  I 
found  still  retaining  the  imitative  forms  of  the  adjacent  pyrites, 
(from  which  Rogers  had  inferred  a  conversion  of  limonite  into 
pyrites,)  while  the  waters  of  the  mine,  like  those  of  others  in  the 
region,   were  charged  with  sulphuric  acid  and  with  iron-sul- 
phate.    Another  remarkable  locality,  where   pyrites  replaces 
the  limonite  in  depth,  was  visible  in  1876  at  Seitzinger  s  mine, 
near  Reading,  Penn.,  and  other  similar  cases  are  reported  in 
the  vicinity ;  while  at  Salona  in  the  Nittany  valley  the  associa- 
tion of  pyrites  with  limonite  at  this  same  geological  horizon 
has  also  oeen  noticed. 

§  28.  The  association  of  siderite  or  iron-carbonate  with  the 
limonites  of  the  Appalachian  valley  is  well  known  east  of 
the  Hudson  in  New  York  and  Massachusetts.  This  mineral  is 
often  manganesian  and  passes  into  nearly  pure  rhodocrosile. 
Examples  of  the  association  of  siderite  with  limonite  are  also 
seen,  among  other  localities,  near  Hackettstown,  New  Jersey, 
and  near  Hanover,  York  County,  Pennsylvania.  These  car« 
bonates,  or  at  least  the  limonite  and  manganese-oxide  de- 
rived  from  them,  are  found  in  close  association  with  pyritous 
deposits,  as  we  have  seen  near  Trexlertown.  In  like  manner 
pyrites  and  siderite  as  is  well  known,  often  occur  side  be  side, 
\n  the  coal-measures. 

§  29.  I  have  elsewhere  considered  the  change  in  siderite  under 
the  action  of  oxydizing  atmospheric  waters,  which  proceeds  like 
that  in  feldspailiic  rooks,  from  without  inwards,  and  is  necessa- 
rily accompanied  with  co!isiderab!e  diminution  of  volume,  which, 
in  the  conversion  of  a  siderite  of  specific  gravity  3*6  into  a 
limonite  of  the  same  density.  wouM  equal  19"5  per  cent. 

*' The  evidences  of  this  contraction  may  be  ^en  in  the  stnic- 
turi-  ot  the  limor.iie  derived   !ri.»:n  siderite,  which  often  forms  a 
porv^i'.s   or   spoi^gy    mass.     In  tl.e  case,  however,  of   nodules  or 
blocks  of  solid  .^re.  the  oonvtrsiou  h-r^ini/mg  at  the  outside  of 
The  ir.ass,  un   external  laver  o:  ^-oritfrici  liisioriiTe  is  formed,  and 
rht^v.  another  \vi:i.:v.  ::.i>,  t-.::-!  -it::!  a  a  other,  till  the  change  i*  com- 
r'.itt.     T':.v  vci  i  >i  :k'v    rt-s;!::-.:   :r:-2i  coz: raclion  is  then  found 
^^:t^>^.v.    ti.i    ■..ivt'^.  w':.::".  :-,re  Arri'^jed   like   th*^    coats  of  aii 
o*.."..  •■  :     -  -io'.r.e: •.:::.<  v,:..!;-.-  .r.  t":-rr  c-:.ter,  -s^rhere  a  cavity  will  fc>« 
tVriv.; .:,       1  livs:  i"  ".;»:: v  -ASr-,  r.:  .■:-  ■:  r  l^s  ol  iV  or  sand,  the  irx3- 
\  v.  7 . :  i  V  >  , :  : : .  V  ^  xr'    r  .*:c  v.  L  i . :.  iji  v .-  'i-re  z.  se  pi  rale-  i  in    the  ]»r  *=> 
.i»  ;:  .  ;*.  vi;r>i.  T.  i: :     liz:  :.::-..     I-  :i"s  "sray  are    formed  tl:-^ 
":  ;"\v.  ::  Av<t>  >•-:::::::.:■-?  "•;::- ^l  i-  \-.  :->sir.l  ore,   [^"arhich   occr    ^ 
>■ :  -  5 ".  V  :  -.  J "  ;  I  -  v." : ".  r :     :  v. :. : :.  sl  j:-  i    s: :  r  rite. '     TLeir   st  ructi^ 
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will  generally  serve  to  distinguish  the  sideritic  from  the  pyritio 
limonites."  " 

In  the  paper  just  quoted  I  have  also  considered  the  change  of 
yrolume  which  shoula  accompany  the  conversion  of  pyrites  into 
limonite,  a  process  generally  complicated  by  the  loss  of  a  part 
of  the  iron  as  a  soluble  sulphate. 

§  80,  Portions  of  the  contorted  and  often  highly  inclined 
ichistose  strata  enclosing  the  limonite  ores  in  the  Appalachian 
'alley,  are  still  found  but  partially  decayed,  and  while  some 
re  converted  to  depths  of  100  feet  or  more  into  white  or  vari- 
ously colored  clays,  others  retain  more  or  less  of  their  original 
exture.  From  the  presence  in  some  of  these  of  considerable 
uantities  of  a  hydrous  micaceous  mineral,  having  the  compo- 
ition  of  damourite,  thev  have  been  called  damourite-slatea 
i'here  are  many  reasons  for  believing  that  these  ancient  rocks 
'-ere  thus  folded  and  were  decomposed  before  the  deposition 
f  the  Trenton  and  Chazy  limestones,  which  rest  upon  them  in 
be  outlying  or  western  valleys  of  the  Appalachian  region, 
like  in  Pennsylvania  and  in  Alabama." 

§  31.  Prof.  Lesley,  in  discussing  the  history  of  the  limonites 
»f  the  Appalachian  valley,  has  fallen  into  an  error  with  regard 
o  my  view  of  their  origin.  Referring  in  1876  to  the  opinions 
xpressed  in  my  paper  of  1873,  (already  noticed  in  §  13), 
ouching  the  decayed  crystalline  rocks  of  the  Blue  Ridge,  that 
'the  iron-oxide  from  these  has  been  in  great  part  dissolved 
>ut  by  subsequent  processes,  and  was  the  source  of  the  im- 
nense  deposits  of  hydrous  iron-ores"  in  question,  he  supposes 
ne  to  "  conjecture  that  the  ores  lying  along  the  eastern  edge  of 
he  Shenandoah  valley  had  been  washed  into  it  from  or  across 
he  Blue  Ridge."  This  Lesley  properly  qualifies  as  an  "ab- 
lurd  conclusion,"  since  it  does  not  explain  the  origin  of  the 
imonites  found  in  the  back  or  central  valleys,  a  hundred  miles 
)r  more  to  the  west  of  the  Blue  Ridge ;  and  declares  that  had 
J.  S.  M.  Jackson  continued  bis  geological  studies,  **  he  would 
lave  published  a  satisfactory  refutation  of  this  surface-drain- 
ge  theory  of  the  brown  hematites. "*° 

**  The  Genesis  of  certain  Iron  Ores,  road  before  the  Amer.  Assoa  Adv.  Science, 
oston,  1880;  see  Canadian  Katumlist.  for  Dec.  1880,  vol.  ix.  p.  434. 

**  The  fact  of  the  existence  at  various  points  in  the  Appalachian  valley  ot 
.kIs  of  limonite  interstratified  in  Tertiary  clays  with  lignite,  as  at  Brandon.  Ver- 
ont,  must  not  be  overlooked.  First  recognized  by  Edward  Hitchcock,  and  sub- 
tqiicntly  noticed  by  Lesley  in  1864.  the  laier  ol'servations  of  Prime,  Lewis  and 
hers,  show  the  presence  of  these  ores  and  clays  with  lignites  at  various  jK)int8 

Pennsylvania  and  in  Alabama,  as  well  as  in  Vermont.  These  are  but  frag- 
ents  of  what  were  probably  once  extended  deposits,  and  although  of  geological 
terest  as  resulting  from  resolution  and  re-arrangement  in  Tertiary  time,  of  a 
^rtion  of  the  ancient  decayed  strata  of  the  valley,  are  of  companitively  little 
3onomic  importance.  (See  *H.  C.  Lewis,  Proc.  Acad.  Nat.  Sci.  Philadelpliia,  Oct. 
7,  1879. 

*"  Second  (Jeol.  Survey  of  Penn.,  Report  A,  p.  83. 
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%  82.  Those  who  have  read  what  I  had  written  on  the  subject 
previous  to  1876,  and  especially  my  discussion  of  the  origin  of 
these  ores  in  1874/*  are  aware  that  I  have  never  advocated  any 
such  theory.     I  have,  it  is  true,  endeavored  to  find  in  the  insol- 
uble products  of  decay  of  these  ancient  crystalline  rocks,  the 
source  not  only  of  the  clays  and  sands  of  the  succeeding  sedi- 
ments, but  of  their  contained  iron,  whether  diffused  or  accu- 
mulated in  ore-masses.     I  have,  however,  at  the  same  time, 
always  maintained  that  the  ores  associated  with  the   so-called 
Primal  and  Auroral  rocks  of  the  Appalachian  basin,  like  those 
of  the  higher  horizons,  up  to  the  coal-measures  inclusive,  were 
deposits  contemporaneous  with  the  strata  in  which  the  valleys 
were  subsequently   excavated ;  and  that  save  in    some  cases 
wliere,  as  in  the  Clinton  beds,  it  was  apparently  deposited  as 
peroxide,  the  iron  was  accumulated  in  the  form  of  carbonate, 
and   more   rarely  of  sulphid ;  from  the  alteration  of  both  of 
which,  in  situ,  the  limonites  have  been  formed.   This  view,  which 
as  I  then  showevl,  was  that  advocated  by  C.  TJ.  Shepard,  in  1837, 
for  the  limonites  of  western  New  England,  was  the  same  as 
that  put  fv^rwiird  in  1838,  by  R  S.  M.  Jackson   himself,  who 
maintained,  as  stated   in  the  language  of  Prof.  Lesley,  **  that 
thoore  belonged  to  the  stratified  limestone  beds  themselves,  and 
had  been  set  free  from  them  bv  chemical  and  mechanical  de- 
comivsition/'     This  history  was  clear  to  Dr.  Persifor  Frazer, 
wV.o,  havinir  remarked  thai  '"the  iheorv  of  alteration   in  situ 
of  various  iron-iuiuerals  resultinsr  in  the    formation    of  many 
of  tiiose  limoiiiies,  advanced  by  C.   V.   Shepard,  and  ably  dis- 
oiissod  and  ado j 'ted  bv  Dr.  T.  Sterry  Hunt,    cannot  be  disre- 
cardod  in  sookinir  the  cause  which  produced   these  limonites,'* 
avi^i.^.   •■ill   ISoS.  and   ii!de]>endc::t!y  of  Prof.  .Shepard's  obser- 
va:iv>!is.   Or.  R.  S.  M.  Jucksju  rep.^rtei  :o  Prof.  H.  D.  Bogers. 
substar.:ia'.!y  tlie  same  conc:us:o:i  from  the  study  of  the  limon- 
ites o:"  Center  a-.ij  ll-a:iti:iir.io-.i  coiMies."" 

jj  o8.    ri-'.s  sa-.v.e  view  in  fac:  wus  -.ve'.l  stated  by  Lesley  him    — 
so'.:  ;*.:  1>04,  wb.o::  ::e  s:\id  *■:'::.:'  Vrr.vL-hematite  ore -deposits  i>    " 
Mv*-.-.-.::    A':v>    :V.!  ^'.v  t-ie   e.ije   o:  :"..e   s'.Ates  and  sandy  lime 
s:o '  •.  v's,  "  ;;  ■/.  d  :•  :c  ' '  b .; :  : ':  i  e  r-  si  A ".:  r  s  . :  :  h  ese  be.;  s  after  dec  o  m  pi> 
si :  ■." '  •  :i  V.  d  J. :  sch"*  '. .; :  •.  .^ : :  :  : ': :  e  '. .  .^  v.  -»y  -  o  .^ : :: '.  ed  a  -  .i  a '  :e  r  ed  e  d  ges' "  o  ~ 
:  •  ;'  s'. .". :  OS  :*  *.•  I  ! : : : : es :  >^ :^  es  : '. . o ni se'.  v es,  •  *  :■  !:e r  :  iie  1 :  m e  has  beei^B 
\^  ..>  .  -:  I  .^  .1 :  » " :  : '; : ev* .   :\ *  .1  : V. v  r  c'-rV:* n a: e .:    a nd    s u ! ph urettc^^^:- 
! r.^ • .   - . .s  V ;? 0 •    ::  v .: r.. : t .;   .. * :  i    :.e r : x i .: i z e.i ;  : ': . e    s! a:es    b avi n ■&,__. 
f.-nie.l  :■*;  :v.:  :.:.i  .v:.  :■;  j.avs.       11-?  :ir:":.er  descrbei  at  on  — 

.  ,X ». .   .  •    -  .    . .-  ^    r*;  ^ ..r^ .*. .-    O  ...•- .  .  «?    '-'-.    j.- JJUSi    ui 

.-.  ..  .^.. :  "i.  ., J  . ^ .•-,„.. ^- -«■•"'-.- -   .  -   ■  "  —  J  i.av^-n'  f.»p*  tliiek  * 
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and  evidently  in  part  changing  into  honey-combed  brown  hem- 
atite ore."  *• 

§  34.  In  1867,  Mr.  Benjamin  Smith  Lyman,  expressed  simi- 
lar views  in  his  account  of  the  limonites  of  Smyth  County, 
Virginia,  found  lying  below  the  limestones  of  No.  II  (Auroral), 
where  many  localities  "show  the  ore  unmistakably  in  regular 
beds  conformable  to  the  other  rocks."  He  at  the  same  time 
supposed  that  some  of 'these  ore'deposits  are,  like  one  noticed 
in  Wythe  County,  Virginia,  due  to  "the  weathering  of  the 
upper  part  of  a  fissure-vein  of  iron-pyrites,"  but  maintains  that 
the  ores,  with  such  exceptions  as  this,  were  "  deposited  in  reg- 
ular beds  of  greater  or  less  extent  and  thickness,  at  the  same 
time  with  the  other  rocks,"  and  from  the  presence  in  the  limo- 
nite  of  occasional  masses  of  carbonate  of  iron,  concludes  that  it 
was  originally  deposited  in  this  condition."  ** 

§  35.  But  while  it  is  apparent  that  the  ores  in  question  now 
found  imbedded  in  clays  resulting  from  the  decomposition  in 
situ  of  ancient  schists,  were  previous  to  that  decay  enclosed 
therein  as  massive  siderite,  or  pyrites,  we  must  not  overlook 
the  evidences  that  in  certain  cases  a  process  of  segregation  of 
diffused  iron-oxide  has  played  an  important  part,  alike  in  an- 
cient and  in  modern  times,  in  the  genesis  of  limonitea  Setting 
aside,  as  not  relevant  to  our  present  inquiry,  the  formation  of 
bog  iron-ores,  and  ochers,  wfiich  are  directly  deposited  from 
ferrous  solutions  by  peroxidation  and  precipitation,  we  here 
recall  the  contribution  to  the  theory  of  the  origin  of  imbedded 
iron-ores  made  by  the  late  William  B.  Rogers. 

The  ferrous  carbonate  found  in  the  rocks  of  the  coal-meas- 
ures, has,  as  he  has  endeavored  to  show,  been  generated  from 
dififused  ferric  oxide  by  a  process  of  reduction,  carbonation  and 
solution,  through  waters  charged  with  organic  matters  from 
vegetable  decay ;  the  carbonate  of  iron  thus  formed  remaining 
in  some  cases  diffused  through  the  sediments,  and  in  others  be- 
coming concentrated  by  accretion." 

§86.  This  view  is  to  be  supplemented  by  the  consideration 
that  carbonated  solutions  of  ferrous  oxide  formed  as  above 
(and  often  containing  organic  acids),  may,  by  reacting  with 
beds  of  carbonate  of  lime,  effect  a  gradual  replacement  of  the 
latter  by  carbonate  of  iron."     The  transformation  of  diffused 

*•  Amer.  Philos.  Soc.  Proc,  ix,  p.  471-475. 

**Proc.  Amer.  Assoc.  x\.dv.  Science,  1867,  p.  114. 

**  Geological  Survey  of  Penn.,  1858,  ii.  757. 

*•  J.  Yille  found  one  liter  of  carbonated  water  at  the  ordinary  pressure  to  hold 
in  solution  at  20°  C.  1'142  grams  of  ferrous  carbonate,  and  at  15"  C.  1-390  prrams. 
From  these  solutions  neutral  alkaline  carbc»nates  readily  throw  down  the  ferrous 
<»rbonnte.  themselves  passing  to  the  state  of  bicarbonat«s ;  and  carbonates  of  lime 
and  magnesia  produce  the  same  effect  though  more  slowly.  (C.  Rendus  de  TAcad. 
des  Sciences,  Oct.,  1881,  vol  zciii,  p.  443.)  The  present  writer  found  recenUy 
precipitated  ferrous  carbonate  to  be  temporarily  much  more  soluble,  under  tbo 
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ferric  oxide  in  sediments  into  massive  limonite  imbedded  there* 
in,  is  thus  a  two-fold  procef»s,  involving  first,  the  intervention 
of  reducing  solutions  converting  the  peroxide  into  ferrous  car- 
bonate, and  the  concentration  of  the  latter;  and  second,  the 
change  of  this  latter,  through  peroxidation  and  hydratation,  into 
limonite. 

It  is  evident  that  the  first  stage  of  the  process  thus  indicated 
by  Rogers  as  taking  place  in  sediments  "as  yet  unconsolidated, 
may  also  be  set  up  in  the  disintegrated  ferriferous  materials 
resulting  from  the  sub-aerial  decay  of  rocks,  and  still  undis- 
turbed ;  that  is  to  say,'  that  the  infiltration  of  waters  holding 
dissolyed  organic  matter  may  give  rise  in  the  decomposed  mass 
to  concretions  of  ferrous  carbonate,  which  are  subsequent! v 
changed  into  limonite.  In  this  way,  a  concentration  may  be 
effected,  through  which  rocks  originally  containing  a  small  por- 
tion of  diffused  iron-oxide  come  to  include  masses  of  limonite 
Illustrations  of  this  process  are  sometimes  seen  in  the  decay  of 
impure  limestones  or  dolomites  containing,  as  is  oflen  the  case, 
some  ferrous  carbonate,  in  the  residuum  of  which  we  find  the 
iron  accumulated  in  the  shape  of  crusts  or  layers  of  limonite. 

§37.  An  instructive  example  of  an  analogous  process  is  seen 
in  the  limonite  which  on  Staten  Island,  New  York,  is  found 
imbedded  in  a  layer  of  brownish  earthy  material,  sometimes 
attaining  a  thickness  of  twelve  feet,  which  rests  immediately 
upon  the  serpentine-rock  of  the  region,  into  which  it  graduates, 
and  from  the  sub-;i(Tial  deca}*  of  which  it  has  evidently  been 
derived,  the  lower  )>ortion  of  the  earthy  matrix  still  preserving 
the  peculiar  jointed  structure  of  the   underlying   serpentine. 
This  decomposed  material,  though  including  botryoidal  crusts, 
gcodes  and  ci>noretioiiary  grains  of  limonite,  with   occasional 
druses  of  clmlcedony  and  of  quartz  crystals,  retains  considera- 
ble ooberence. 

The  source  of  this  limonite  seeins  to  have  been  the  iron- 
oxide  li^-erated  l?y  the  deciiy  of  the  f»;rriferous  serpentine,  ani. 
the  prop"rtii)]i  of  oV'j  in  t!;e  superjacent  mass  shows  a  dire<!%^ 
relatio!!  ti>  liie  color  iwA  ajfourent  proj^ortion  of  iron-silicate  ir- -^ 
the  serper/.irie  1»«,  .leatli.  This  lirnohite,  v;!:ich  is  now  mined  tcr; - 
a  considerable  exte::!,  contains,  as  several  analyses  have  showik. 
from  on<^  to  tv.'M-l:undre«hhs  of  chromic  oxide,  which  is  als 
kri'.^'.vn  :o  '  e  pres'ji.t  in  sinail  amount  in  the  serpentine.  A" 
imvure  arj.'.la'-e.'us  si»oc::n'.ri  c.-M:;::.i:j::  *.*u\y  59*63  of  ferri  ^ 
oxi  ie  y;e:  i^i  tiie  writer  2>1  oi  '.iinn!::':'  oxide  in  a  conditio  -» 
readilv  sol ;ii.»ie  in  eniorhv-iric  :ic::l. 

j5oS.   Dr.  X.  L  Briiton.  ot  the  Scho'.l  of  Mines  of  Columb:^- : 
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College,  in  whose  company  I  lately  had  an  opportunity  of  visit- 
ing this  interesting  locality,  published  in  1880  a  geological 
map  with  sections  and  a  aescription  of  Staten  Island/'  He 
therein  shows  that  the  earthy  material  in  which  the  limonite  is 
imbedded  is  confined  to  the  tops  of  certain  hills  of  serpentine, 
being  absent  alike  from  other  similar  hills  adjacent,  and  from 
intervening  valleys  cut  into  the  serpentine,  and  he  has  connec- 
ted this  distribution  of  the  ore-bearing  stratum  with  the  facts 
of  the  local  glaciation  of  the  region,  to  which  he  has  devoted 
much  attention.  It  is  I  think  evident  that  the  decay  of  the 
serpentine,  and  the  concentration  in  the  residuum,  of  its  iron  in 
the  foVm  of  limonite,  was  a  process  anterior  to  the  glacial  ero- 
sion, and  that  the  ore-banks  are  areas  of  the  decayed  material 
which  escaped  this  action. 

§  39.  Turning  now  to  the  valley  of  the  Mississippi,  we  find 
tbat  Pumpelly  in  his  geological  survey  of  Missouri,  showed  in 
1878  that  the  decay  in  situ  of  granitic  rocks  and  of  quartzifer- 
ouB  porphyry  has  left  great  rounded  blocks  of  these  crystal- 
line rocks,  while  the  conversion  of  the  porphyry  into  clay,  and 
its  subsequent  removal,  has  liberated  included  veins  or  masses 
of  crystalline  hematite,  giving  rise  to  an  accumulation  of  detri- 
tal  iron-ore,  such  as,  at  the  well-known  Iron  Mountain,  forms  a 
covering  over  the  surface  of  the  hill  of  porphyry.  From  the 
presence  of  stratified  deposits  of  this  detrital  ore  in  the  ancient 
Cambrian  strata  around  the  base  of  the  hill,  Pumpelly  inferred 
that  the  decay  of  the  porphyry  was  already  complete  to  a  con- 
siderable depth  at  this  early  period.*'  His  observations  and 
deductions  were  not  known  to  me  when,  in  the  same  year,  I 
published  my  conclusions  as  to  the  great  antiquity  and  the 
universality  of  the  process  of  rock-decay. 

§40.  Proceeding  from  Missouri  northward,  we  find  that  in 
Minnesota,  as  shown  by  C.  A.  White"  in  1870,  and  by  N.  H. 
Winchell  in  1874,  the  ancient  granitoid  rocks,  when  protected 
by  Cretaceous  strata,  support  a  kaolinized  layer  of  considerable 
.thickness.*"  In  Wisconsin,  a  similar  condition  of  things  is 
found  beneath  the  Potsdam  sandstone  in  the  central  part  of 
the  State,  as  described  by  Irving  in  1876,*'  in  an  essay  which 
is  a  valuable  contribution  to  the  literature  of  kaolin,  and  con- 
tains many  analyses  of  the  decayed  rocks  of  the  region  by 
Mr.  E.  T.  Sweet,  which  have  been  already  referred  to,  §  16. 
Further  details  of  the  same  region  and  its  kaolins,  with  analy- 
ses as  before,  were  given  by  Irving  in  an  essay  in  1880  on  the 

*■*  Annals  New  York  Acad.  Sciences,  vol.  ii,  part  6. 
*•  Geology  of  Missouri;  Report  on  Iron  OreH  and  Coal  Fields,  pp.  8-12. 
*•  Geology  of  Iowa,  i,  1 24. 

••  Second  Annual  Rep.  Geol.  Minnesota,  pp.   162,  166.  207;  also  Hunt,  Cham. 
ADd  Geol.  Essays,  p.  250. 

•'  Trans.  Wisconsin  Academy,  etc.,  iii,  13. 
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Mineral  llesources  of  Wisconsin.*'  In  Jackson  and  Wood 
counties,  where  the  crystalline  (Lauren tian)  rocks  are  covered 
by  a  thin  sheet  of  rotsdam  sandstone,  the  river-valleys, 
cutting  through  this,  expose  the  kaolin,  which  "occupies  its 
original  position,  retaining  sometimes  the  structure  of  the  un- 
altered rock."  This  is  derived  from  the  decay  in  situ  of  cer- 
tain l)aiKlfl,  which  passing  downward,  graduate  into  unaltered 
feUlsnathic  rock.  Save  where  this  mantle  of  decayed  material 
has  l)een  protected  by  the  Paleozoic  sandstone,  the  crystalline 
rocks  are  there  seen  for  the  most  part  in  an  undecayed  condi* 
tion,  evidently,  as  Irving  remarks,  from  the  removal  of  th^ 
decayed  material  l>v  *' the  denuding  action  of  the  drift/'  It> 
some  portions  of  the  driftless  area  of  this  region  the  unprotee- 
ted  gneisses  still  retain  their  mantle  of  kaolinized  material. 

5^41.   From  the  facts  before  us,  it  is  clear  that  the  decay  of 
the  Kozoie  erystalline  nvks  was  already  far  advanced  in  pr^. 
Oiunbrian    times.     I   am    informed    that    similar   evidence     13 
alVorded   in  Sweden  by  the  presence  of  decomposed   rock  be- 
neath Cambrian  strata.     Prof.  A.  Geikie  has  moreover  shown 
that  the  seulpturinir  of  the  gneiss  rocks  of  western  Scotland,  a 
pn.H*ess  whion  1  have  maint^ained  to  be  dependent  on  previous 
sub-aerial  decay »  was  eiVeeted  before  the  deposition  of  the  Cani- 
brian   sandstones*   which   there  rest  upon  ancient  roehes  mou-^ 

>5  42.   It  miiiiit  be  suiM^osod.  from  their  stabilitv  under  ordi- 
nary  atmos;^iie:io  in;l;io:Kvs  in  reirions  prottvted  by  vegetation, 
that  all  suoh  pv^rtiors  ot  vieo:iyed  Eozoie  locks  as  still  exist  in 
drit'iless  v^r  i:^.  '.t  no^^re  i  ;iro:is  date  fror.i  the  da^n  of  Paleozoio* 
:inu\  vl-.vl  wo  :.v^:  kv.ow  ti.a:  the  saiiie  processes  of  decay  bav«=? 
l^'ei:   ao::ve  \\\  sr.^souaen:  a^^es.  as  is  shown  bv  the  decav  o:f 
evaviivo  r«.vks  v^f  !a:or  ror:.\is.      An   exar.ii^'.e  of  this,  whic-i-x 
shv^xs  .r.  :".  c  >;.ine  :::.:e  :';:o  *..::!o  i^rojress  ir.ade  in  the  process  o  H 
vi;\\\v   s"."..v\*   :ho   >:r'::-ro:'.v^  ;.  is  s^vn  ::;  Ca;;ada.  at  Montreal  - 
\\ ": . 0 :  r .    : V »   :  ■ ; 0   s .^ : :  1 1  of   M o m :: :  K  .n*a ;,    : :: e  :iea r ly   hor i zont jl  1 
:":-.e   "vvure  Tri^v.to::  !::.-.es:.^:;e  are  foiiiid   in  shell ere«rl 

aees.  vUe/.Y  .itvavo.:  :•:..:  vov  ■;:<  :'ro:;:  i'::e  re:iioval  of  thei  i" 
oa:'":  o ••,".: 0  ::  \v.\\:.  :.:.vi  iire  :.::^re;ver  :rav erased  bv  dvkes  of 
.;o!o"  :o  :••  .:  vT:  cr  fcl  :>-  :■:!:.  Vvks.  :i:c:nselves  decaved  t<^» 
^\^  . >  .1  c :  ;•  V . L  . '. 0 V : . . s  :  .v  .0  : . -j : . r  ;  v .  . \ ■. . .:  es :  eo i al  1  v  to  t li e  nort  I2 
.^:  :  ;  •.  v^ .;:•.:,.  :.  v."  .,•;•;  ».;.>;•-.;::.::  .ii.i  its  work  of  removing 
;* '  •  N  I-    i  i\" .: ;.  c , i   , .    /. e ; ,:  s  .» :  . i    c ::  v  .^  ■ :  s  r  .v  k s,  : lie  erO'.ied  8U rf ace3 

N*  ■>         '      ■  »*         •  -■<•>        "--^       •^^«..       ■  ■-■. ,         >->««>'>A  ^.-  ••«•■»      '■*       nT^f*fl*l'l  CTl^i  1 

«  *  *^ 

•  ...  ...  ^^i*r 

.  .......  •    .     ..        .  ,-   •  —        •      .  .  .  V  ."   ■  J--'  -•   ^w*      st  c     ■■  .aCi^r'  '%»^i     ''I  V    .1 

•  ^ i'».     V.     > »»  ^Ck.  .  .v.   .-.    .;^    v«tro<.  L  4  OCVA     ■.'  »     V  . 
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Potsdam  sandstone  in  this  vicinity,  which  is  found  to  be 
converted  to  a  depth  of  twenty  feet  or  m'ore  into  a  plastic 
highly  aluminous  clay,  which,  from  the  presence  of  portions  of 
titanium  and  chromium  is,  we  may  conjecture,  derived  from  a 
doleritic  rock." 

§  48.  Rigaud  Mountain,  an  igneous  mass  rising  through  the 
Potsdam  sandstone,  and  occupying  several  square  miles  on  the 
south  side  of  the  Ottawa,  near  its  confluence  with  the  St.  Law- 
rence, is  probably  of  Paleozoic  age,  and  consists  in  large  part 
of  a  reddish  granitoid  orthoclase  rock.  Considerable  areas  of 
its  surface,  lymg  lower  than  the  surrounding  crests  of  the 
nountain,  are  covered  to  a  depth  of  seven  feet  or  more,  in 
)laces,  with  well  rounded  bowlders  from  three  to  eighteen 
ncbes  in  diameter,  consisting  wholly  of  the  rock  of  the  moun- 
ain,  with  the  exception  of  a  few  niasses  of  sandstona  The 
)lains  so  covered  attain  in  their  higher  parts  an  elevation  of 
.bout  280  feet  above  the  Ottawa,  but  slope  gently  both  to  the 
outh  and  the  north.  The  bowlders  are  very  rare  on  the 
lorth  slope  of  the  mountain,  and  at  its  northern  base,  but  are 
ibundant  on  the  southern  slope  and  in  the  low-lying  clay- 
50vered  plains  to  the  southward."  These  well-rounded  masses, 
jpread  over  so  much  of  the  mountain  are  apparently  bowlders 
Df  decomposition,  still  in  situ,  having  escaped  the  denuding 
agents  of  the  drift-period. 

§  44.  Examples  of  more  recent  sub-aerial  decay  of  crystalline 
rocks,  under  peculiarly  favorable  conditions,  were  in  1880  de- 
scribed independently  by  Jos.  LeConte  and  myself,  in  the 
auriferous  Pliocene  gravel  of  California.  The  pebbles  of  feld- 
spathic  and  hornblendic  rocks  occurring  in  the  portions  below 
drainage-level — the  so-called  Mice  gravel — are  unaltered,  while 
above  that  level  the  similar  pebbles,  exposed  to  the  action  of 
meteoric  waters,  are  more  or  less  completely  kaolinized,  ex- 
foliating, becoming  earthy  in  texture,  rusty  in  color,  and  in 
some  cases  converted  into  a  clayey  mass.  The  pyrites  so 
abundant  in  the  blue  gravel,  has,  in  these  upper  portions,  or 
so-called  red  gravely  been  oxidized,  and  the  accompanying 
lignites  have  been  silicified,  aVid  often  iucrusted  with  crystallized 
quartz,  from  silica  liberated  in  the  process  of  rock-decay 
through  the  infiltration  of  surface-waters." 

§  46.  To  the  porosity  of  the  gravel,  and  the  great  amount  of 
surface  thus  exposed,  is  to  be  added  the  influence  of  carbonic 
acid  from  the  decaying  lignite,  the  carbon  of  which  is  oxidized 
as  the  process  of  silicification  goes  on.  The  amount  of  carbonic 
dioxide  in   the  air  of  certain  drift-mines    in  these  auriferous 

"  Report  Geol.  Survey  of  Canada,  1878-79,  H.,  p.  7. 

"Geology  of  Canada,  p.  896. 

^*  LeCoDte,  this  Journal,  xix,  177  ;  Hunt,  ibid,  xiz,  371. 

Am.  Joub.  Sol— Thibd  Ssbibb,  Vol.  XXVI,  No.  158.— Sept.,  1888. 
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gravels  is  so  great  that  candles  will  not  burn  therein.  Mr.  D. 
T.  Hughes  of  San  Francisco,  a  well-known  mining  engineer,  to 
whose  careful  scientific  observations  I  have  been  much  in- 
debted, informs  me  that  in  the  case  of  a  drift-mine  800  feet 
below  the  surface,  in  Table  Mountain,  Tuolumne  Co.,  CaL, 
where  the  foulness  of  the  air  was  especially  remarked,  he  satis- 
fied himself  by  appropriate  tests  of  the  presence  in  the  air  of  a 
large  proportion  of  carbonic-dioxida  If,  as  there  is  reason  to  sup- 
pose, the  amount  of  this  element  in  our  atmosphere  was  somewhat 
greater  in  former  ages  than  at  present,  we  have  in  these  gravels 
an  illustration  of  its  influence  in  promoting  the  decay  of  sili- 
cated  rocks.  It  is  not  improbable  that  the  sulphuric  acid  gen- 
erated by  the  oxidation  of  the  pyrites  present  in  these  gravels 
may  also  have  aided  in  the  process. 

§  46.  The  slight  evidences  of  decomposition  to  be  seen  in 
the  crystalline  rocks  of  thoroughly  glaciated  regions,  as  well  as 
in  transported  bowlders,  makes  it  probable  that  the  seemingly 
rapid  progress  of  decay,  occasionally  observed  on  exposure,  of 
similar  rocks  in  other  regions,  sometimes  appealed  to  as  evi- 
dence of  a  decomposition  now  going  on,  is  really  but  the  me- 
chanical disintegration  of  masses  already  partially  kaolinized  in 
former  ages.  The  crumbling  of  certain  apparently  unaltered 
granitoid  rocks,  in  which  the  feldspar  remains  bright  and  hard, 
should  be  distinguished  from  that  which  follows  chemical  de- 
composition. Such  disintegration,  due  apparently  to  changes 
of  temperature*^  and  the  action  of  frost,  is,  however,  important, 
and  deserves  farther  study  from  the  fact  that  materials  appar- 
ently of  similar  origin  enter  into  the  composition  of  many 
derived  rocks.  Lava-flows  are,  it  has  been  observed,  subject  to 
comparatively  rapid  sub-aerial  decay,  but  these  rock-surfuces 
differ  widely  in  texture  as  well  as  in  composition  from  most 
crystalline  rocks. 

§  47.  An  essay  by  Professor  Pumpelly  on  Secular  Rock- 
Disintegration,  read  before  the  National  Academy  of  Sciences 
in  April,  1878,'"'  is  a  very  valuable  contribution  to  the  subject 
before  us.  He  cites  therein  my  conclusions  as  to  the  great 
antiquity  and  the  universality  of  the  process  of  rock -decay  (to 
which  his  own  observations  in  Missouri  have  contributed  im- 

^"  111  this  connection  I  venture  to  recall  the  attention  of  geologists  to  a  phenom- 
enon already  describee)  both  by  Dr.  Shaler  and  myself,  apparently  due  to  superfi- 
cial alternations  of  temperature  on  certain  crj'stalline  rocks,  which  have  resulted 
in  establishing  in  them,  to  a  considerable  depth,  a  series  of  rifts  or  divisional 
planes  parallel  to  the  present  surface,  which  are  well  known  to  quarrymen.  In- 
stances of  this  al:>ound ;  )»esides  those  noticed  by  me  in  this  Journal  for  July. 
1870  (vol.  i,  p.  89),  may  be  mentioned  the  gneiss  on  the  opposite  slopes  of  Rolles- 
ton  Hill  Fitchlmrg.  Mass..  and  that  of  Stone  Mountain  near  Atlanta,  Gra.;  also  a 
remarkable  example  of  comparatively  thin  horizontal  plates  at  the  outcrop  of  beda 
of  nearlv  vertical  micaceous  gneiss  in  the  vicinity  of  Worcester,  Mass. 

"This  Journal,  xvii,  133-144. 
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portant  data)  and  also  as  to  the  final  removal  of  decomposed 
material  from  northeastern  America  in  the  time  of  the  glacial 
drift  He  further  notes  the  little  attention  hitherto  given  to 
the  subject  of  sub-aerial  decay,  and  points  out  its  importance 
in  connection  with  great  problems  in  aynamical  geology.  The 
view  that  this  process  of  rock-decay  is  "  a  necessary  prelimi- 
nary to  glacial  and  erosive  action,  which  removed  already 
softened  materials/'  receives  from  Professor  Pumpelly  an  ex- 
tended discussion  and' application.  He  proceeds  to  consider 
the  removal  and  the  re-arrangement  of  these  softened  materials 
by  three  dififerent  agencies.  First,  the  encroachment  of  the  sea 
upon  a  subsiding  region  of  decayed  rocks ;  second,  the  action 
of  land-glaciers,  in  which  he  points  out  that  the  great  mass  of 
disintegrated  and  water-impregnated  rock  would  become  frozen, 
and  included,  as  it  were,  in  the  glacier,  sharing  in  its  move- 
ments and  forming  thus  a  ground-moraine." 

§  48.  To  these  modes,  with  which  are  to  be  included  the  or- 
dinary action  of  rivers  and  floods,  all  acting  on  the  peripheral 
areas  of  continents,  he  adds,  for  the  central  areas,  removed  from 
these  agencies,  and  rendered  desert  by  geographical  conditions, 
the  action  of  the  winds.  By  these,  the  decayed  rock,  according 
to  Pumpelly's  extension  of  the  ingenious  hypothesis  of  Richt- 
hofen,  will  be  separated  into  the  fine  material  of  the  loess,  on 
the  one  hand,  ana  the  sand  and  gravel  of  the  desert  steppes  on 
the  other.  He  thus  explains  the  condition  of  the  crystalline 
rocks  in  northern  Asia,  from  which  the  decayed  mantle  has 
been  removed  not  by  glacial  but  by  aerial  agencies ;  while  the 
similar  rocks  in  southern  Asia,  as  in  Brazil  and  the  southern 
United  States,  are  still  deeply  covered  with  the  products  of 
their  own  decomposition. 

§  49.  Pumpelly  further  remarks  that  the  surface  of  the  un- 
decayed  rock  to  be  laid  bare  by  erosion  is  necessarily  an  irreg- 
ular one,  the  inequalities  depending  not  upon  its  original  dif- 
ferences in  hardness,  but  upon  its  resistance  to  decay  under  the 
influence  of  atmospheric  waters.  The  effect  of  fractures,  joints, 
Veins  and  dykes  in  the  rock  in  favoring  or  retarding  the  action 
of  this  agent  would  be  manifested  by  still  further  irregularities 
of  the  plane  limiting  the  decomposition  of  the  rock  in  depth. 

*•  Other  agencies  than  ice  may  produce  a  similar  displacement  of  decayed  mate- 
YnaL     Belt,  in  1 874,  in  his  Naturalist  in  Nicaragua  (page  94),  describes  a  move- 
Kuent  of  the  mantle  of  decayed  crystalline  rock  on  hill-sides  in  that  country,  as 
^ue  to  land-slides  in  wet  weather.    The  layer  of  jrround  and  "reworked"  decayed 
isoaterial  resting  on  the  gneiss  found  by  Hartt  in  Brazil  (Scientific  Results  of  a 
O^oumey,  etc.,  pp.  28,  573)  and  referred  by  him  to  glaciation,  may  perhaps  be  a 
mmilar  phenomenon.     More  recently,  Kerr,  in  1879,  has  described  the  results  of  a 
«low  downward  motion  of  the  decomposed  surface  on  mountain-sides  in  North 
Carolina,  as  due  to  the  alternate  freezing  and  thawing  of  the  contained  water.    To 
this  displaced  and  modified  layer,  which  resembles  that  produced  by  glacial  ac- 
tion, he  gives  the  name  of  frost-drift.    (Proc.  Amer.  Inst.  M.  Engineers,  yiii,  462.) 
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Thus  the  roanded  surfaces  and  the  closed  rock-basins  so  ofteE^ 
observed  Id  glaciated  regions  of  crystalline  rocks  are  seen  to  be 
but  the  natural  results  of  the  process  of  rock-decay,  which 
preceded  and  prepared  the  way  for  denudation. 

§  50.  Similar  views  as  to  glacial  erosion  have  since  been  ad- 
vocated by  Nathorat,  and  more  lately  by  Eeusch,  who,  in  a 
memoir  on  the  geology  of  Corsica,  presented  to  the  Geological 
Society  of  France,  in  November,  1882,**  has  described  the  dis- 
integration of  the  granitic  region  of  Corsica  to  a  depth  of  sev- 
eral meters,  giving  to  the  surface  smooth  slopes  instead  of  the 
bold  escarpments  seen  in  like  rocks  in  Scandinavia  He  notes 
in  these  disintegrated  rocks  in  Corsica  enclosed  balls  or  ellip- 
soidal masses,  fresh  in  appearance,  but  like  in  composition  and 
in  structure  to  the  enclosing  rock,  which,  when  detached,  have 
been  taken  for  erratic  blocks.  With  this  region,  he  contrasts 
the  similar  rocks  near  Christiania,  in  Norway,  with  hard^ 
rounded  surfaces,  marked  by  glacial  scratches,  where  it  is  diffi- 
cult to  find  any  trace  of  superficial  decay.  He  does  not  believe 
that  the  ice  of  the  Glacial  period  removed  any  considerable 
portion  of  the  hard  rock,  to  form  fiords,  valleys,  etc.,  but  sup- 

Eoses  "  a  profound  disintegration  of  the  Scandinavian  rocks 
ffore  the  Glacial  period,"  and  conceives  the  present  relief  to 
"  represent  the  surface  of  the  unaltered  syenite  after  the  re- 
moval by  the  glaciers  of  all  the  decomposea  part"*' 

The  salient  rock-masses  of  the  Norwegian  coast  are,  like  the 
fiords,  arranged  in  a  north  and  south  direction,  and  this,  ac- 
cording to  Reusch,  corresponds  with  that  of  fissures,  more  or 
less  r)early  veitical,  which  traverse  the  rock,  and,  as  he  well 
remarks,  prepared  the  way  for  its  disintegration  in  depth,  the 
extent  of  which  would  depend  upon  differences  in  the  nature 
of  the  rock.  Many  of  the  lake-basins  of  this  region  were,  ac- 
cording to  him,  formed  through  the  removal  by  glaciers  of  the 
decayed  material  from  depressions,  while  others  are  due  to  the 
action  of  moraines,  serving  as  dykes. 

§  52.  It  is  difficult  to  state  more  clearly  the  consequences 
which  follow  from  the  conception  that  the  decomposition  of 
rocks  is  "a  necessary  preliminary  to  glacial  action  and  erosion, 
which  removed  previously  softened  materials."  Reusch,  how- 
ever, seems,  from  some  misconception,  to  regard  this  pre-glacial 
disintegration  of  the  rocks  as  distinct  from  kaolimzation,  of 
which  the  crumbling  of  the  granites  in  Corsica,  as  in  other 
regions,  doubtless  represents  an  incipient  stage,  such  as  we  meet 
with  in  depth,  in  regions  where  the  superficial  and  more  com- 
pletely decayed  portions  have  been  removed  (§  46). 

^  Bull  Soc.  Geol.  de  France,  li,  62-67. 
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Conclusions. 

§53.  The  points  insisted  upon  in  this  paper  maybe  thus 
briefly  resumed : — 

1st  The  evidence  afforded  by  recent  geological  studies  in 
America,  and  elsewhere,  of  the  universality  and  antiquity  of  the 
«ub-aerial  decay  both  of  silicated  crystalline  rocks  and  of  calca- 
reous rocks,  and  of  its  great  extent  in  pre-Cambrian  times. 

2d.  The  fact  that  the  materials  resulting  from  this  decay  are 

i)reserved  in  situ  in  regions  where  they  have  been   protected 
rom  denudation  by  overlying  strata  alike  of  Cambrian  and  of 
more  recent  periods ;  or,  in  the  absence  of  these  coverings,  by 
the  position  of  the  decayed  materials  with  reference  to  denud- 
^og  agents,  as  in  driftless  regions,  or  in  places  sheltered  from 
erosion,  as  in  the  Appalachian  and  St.  Lawrence  valleys. 

3d.  That  this  process  of  decay,  though  continuous  through 
later  geological  ages,  has,  under  ordinary  conditions,  been  in- 
significant in  amount  since  the  glacial  period,  for  the  reason 
t;hat  the  time  which  has  since  elapsed  is  small  when  compared 
'with  previous  periods,  and  also  probably  on  account  of  changed 
^tniospheric  conditions  in  the  later  time. 

4th.  That  this  process  of  decay  has  furnished  the  materials 
-not  only  for  the  clays,  sands  and  iron-oxides  from  the  beginning 
of  Paleozoic  time  to  the  present,  but  also  for  the  corresponding 
Tocks  of  Eozoic  time,  which  have  been  formed  from  the  older 
feldspathic  rocks  by  the  partial  loss  of  protoxide-bases.     The 
bases  thus  separatea  from  crystalline  silicated  rocks  have  been 
^he  source,  directly  and  indirectly,  of  all  limestones  and  car- 
bonated rocks,  and  have,  moreover,  caused  profound  secular 
changes  in  the  constitution  of  the  ocean's  waterS.     The  decay 
of  sulphuretted  ores  in  the  Eozoic  rocks  has  given  rise  to  oxi- 
dized iron-ores,  and  also  to  deposits  of  rich  copper  ores  in  vari- 
ous geological  horizons. 

5th.  That  the  rounded  masses  of  crystalline  rock  left  in  the 
process  of  decay  constitute  not  only  the  bowlders  of  the  drifl, 
but,  judging  from  analogy,  the  similar  masses  in  conglomerates 
of  various  ages,  going  back  to  Eozoic  time;  and  that  not  only 
the  forms  of  these  detached  masses,  but  the  outlines  of  eroded 
Tegions  of  crystalline  rocks,  were  determined  by  the  preceding 
process  of  suo-aerial  decay  of  these  rocks. 
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Art.  XXIV. —  On  Mr,  QlazebrooKs  Paper  on  the  Aberration  of 
Concave  Qratings ;  by  H.  A.  KOWLAND. 

In  the  June  number  of  the  Philosophical  Magazine,  Mr.  R  T. 
Glazebrook  has  considered  the  aberration  of  the  concave  grat- 
ing and  arrives  at  thfe  conclusion  that  the  ones  which  I  have 
hitherto  made  are  too  wide  for  their  radius  of  curvature.  As 
I  had  published  nothing  but  a  preliminary  notice  of  the  grating 
at  that  time,  Mr.  Glazebrook  had  not  then  seen  my  paper  on 
the  subject,  of  which  I  gave  an  abstract  at  the  London  Phys- 
ical Society  in  November  lajst.  In  this  paper  I  arrive  at  the 
conclusion  that  there  is  practically  no  aberration  and  that  in 
this  respect  there  is  nothing  further  to  be  desired. 

The  reason  of  this  discrepancy  is  not  far  to  seek.  Mr.  Glaze- 
brook assumes  that  the  spaces  are  equal  on  the  arc  of  the  circle. 
But  I  do  not  rule  them  in  this  manner;  but  the  equal  spaces 
are  equal  along  the  chord  of  the  arc.  Again,  the  surface  is  not 
cylindrical,  but  spherical. 

These  two  errors  entirely  destroy  the  value  of  the  paper  as 
far  as  my  gratings  are  concerned,  for  it  only  applies  to  a  theo- 
retical grating,  ruled  in  an  entirely  diflferent  manner  from  my 
own,  and  on  a  different  form  of  surface, 

I  am  very  much  surprised  to  see  the  method  given  near  the 
end  of  the  paper  for  constructing  aplanatic  gratings  on  any 
surface,  for  this  is  the  method  by  which  I  discovered  the  con- 
cave grating  originally,  and  the  figure  is  the  same  as  I  put  on 
the  blackboard  at  the  meeting  of  the  Physical  Society  in  Novem- 
ber last.  I  say  I  am  surprised,  for  Mr.  Glazebrook^s  paper  was 
read  at  the  Physical  Society,  where  I  had  given  the  same 
method  a  few  months  before,  and  yet  it  passed  without  com- 
ment. Indeed,  I  have  given  the  same  method  many  times  at 
various  scientific  societies  of  my  own  country.  However,  as 
Mr.  Glazebrook  was  not  present  at  the  meeting  referred  to,  he 
is  entirely  without  blame  in  the  matter. 

Art.   XXV. —  On  the  Stibnite  from  Japan;  by  Edward 

S.  Dana. 

The  Yale  Museum  has  recently  come  into  possession  of  a 
series  of  specimens  of  crystallized  stibnite  from  Japan  which 
are  of  so  remarkable  a  character  as  to  deserve  a  detailed  de- 
scription. In  the  size  and  beauty  of  the  crystals,  and  in  the 
great  complexity  of  their  form,  the  Japanese  stibnite  far  out- 
rivals the  specimens  of  the  same  species  from  other  localities, 
and  takes  a  first  place  among  metallic  minerals.  The  specimens 
here  described  formed  part  of  a  lot  received  by  Mr.  L.  Stadt- 
miiller  of  this  city  from  a  correspondent  residing  in  Japan. 
^ther  specimens,  also  of  unusual  excellence,  were  earlier  re- 
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ceived  from  Messra  Ward  and  Howell  of  Rochester,  which  had 
been  obtained  by  Mr.  Ward  when  in  Japan,  a  year  or  two 
since.  To  what  extent  specimens  from  the  satne  source  have 
found  their  way  into  European  collections,  the  author  is  not 
informed. 

The  locality,  which  has  furnished  these  remarkable  stibnites, 
is  stated  to  be  Mount  Kosang  near  Seijo,  on  the  island  of  Jaegi- 
meken  Kannaizu  (Shikoku)  in  South  Japan.  The  antimony 
mines  have  been  worked  for  a  considerable  period,  and  the 
crystallized  specimens  are  highly  valued  by  the  natives  as  orna- 
ments; Mr.  Ward  speaks  of  having  observed  them  mounted  in 
flower  pots  and  usea  to  adorn  the  dwellings. 

The  remarkable  size  of  these  Japanese  specimens  is  the  fea- 
ture which  first  attracts  the  attention.     A  simple  group  con- 
sists of  two  prismatic  crystals  with  vertical  axes  nearly  parallel ; 
the  longer  of  the  two  measures  twenty-two  inches,  and  the 
other  fifteen  inches  in  length,  the  thickness  varies  from  one 
and  one-half  to  two  inches.     The  prismatic  planes  are  deeply 
striated  ;  the  free  extremity  in  each  case  is  well  terminated  by 
brilliandy  polished  planes.     Another  very  fine  specimen  con- 
sists of  half  a  dozen  crystals,  grouped  closely  together  in  slightly 
diverging  positions  so  that  tney  are  united  for  a  considerable 
part  of  their  length.     The  total  length  of  the  central  crystal  of 
the  group  is  twenty-one  inches,  and  the  combined  width  is  six 
inches;  tne  individual  crystals  have  a  width  of  one  and  one- 
quarter  to  two  inches.     The  prismatic  planes  in  this  group  are 
smooth  and  have  the  luster  of  highly  polished  steel;  the  crys- 
•fcals  are  for  the  most  part  well  terminated.     Another  isolated 
csrystal  has  a  length  of  sixteen  inches,  and  there  are  several 
finely  developed  detached  crystals  ranging  from  six  to  nine 
i  nches  in  length.     The  finest  group  of  crystals  has  a  length  of 
eleven  inches  and  a  height  of  ten  and  one-half  inches.     The 
<3rystal8  forming  it  diverge  widely  above  and  below  from  the 
oentral  mass,  consisting  of  the  same  mineral  sprinkled  over 
^with  small  quartz  crystals,  so  that  they  stand  free  from  each 
other.     There  are  about  twenty  crystals  in  the  group  measur- 
ing from  three  to  six  inches  in  length,  together  with  numerous 
smaller  ones.     Another  group  measures  eight  by  nine  inches 
and  consists  of  diverging  and  interlacing  crystals  two  to  six 
inches  long.    In  other  groups  the  crystals  form  a  comparatively 
even  surface  not  projecting  outward  as  is  more  common.     A 
large  mass  partly  massive  with  imperfect  crystallization  has  a 
length  of  sixteen  and  one-half  inches,  a  height  of  eight  and  a 
width   of  four  inches.     In   addition  to  the  above  there  are 
numerous  smaller  specimens  consisting  of   groups  of  highly 
modified  brilliant  crystals  from  half  an  inch  to  two  or  three 
inches  in  length. 
The  specimens  in  the  Yale  Museum  are  especially  mentioned 
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here  because  they  include  the  finest  of  which  the  writer  has 
any  knowledga  There  are,  however,  in  Mr.  Stadtmtiller's 
hands  numerous  other  specimens  which  also  deserve  mention, 
being  hardly  inferior  in  size  or  beauty  to  those  which  have 
been  described.  It  would  be  difficult  to  name  another  case  on 
record  in  which  metallic  crystallization  has  taken  place  on  so 
grand  a  scale. 

The  luster  of  these  crystals  of  stibnite  is  an  important  ele- 
ment in  iheir  beauty.  In  all  the  better  specimens  this  luster  is 
very  brilliant,  giving  the  crystalline  faces  a  polish  which  is 
rarely  excelled.  The  luster  of  these  natural  planes  is  not  less 
splendent  than  that  of  a  fresh  surface  obtained  by  the  perfect 
cleavage  parallel  to  the  brachypinacoid,  and  can  be  compared 
only  with  that  of  highly  polished  steel,  as  for  example  the  sur- 
face of  a  razor  blade.  To  what  extent  the  brilliancy  of  the 
luster  will  be  dimmed  by  prolonged  exposure  to  daylight  can 
hardly  be  predicted,  but  the  appearance  of  older  specimens 
from  other  localities  would  make  it  seem  inevitable  that  this 
brilliancy  should  be  gradually  lost. 

From  a  scientific  point  of  view  the  complexity  of  form  ob- 
served among  the  Japanese  stibnites  is  their  most  remarkable 
character.  There  have  certainly  not  many  cases  been  observed 
m  which  the  crystals  of  a  species  from  a  single  locality  show 
as  many  as  seventy  distinct  and  well-defined  forma*  Previous 
to  1864  but  sixteen  planes  had  been  identified.  Krenner  in 
his  excellent  monograph  of  the  speciesf  added  twenty-eight 
new  planes,  and  Seligmann:|:  added  one  more,  thus  making  the 
list  forty-five  in  all.  Of  these  forty-five  planes,  thirty  have 
been  observed  on  the  Japanese  crystals,  and  in  addition  to 
them  forty  new  planes  have  been  determined,  thus  increasing 
the  list  to  eighty-five.  This  list  could  be  considerably  en- 
larged if  the  planes  admitting  of  only  doubtful  determination 
were  to  be  added.  The  habit  of  the  majority  of  the  crystals, 
especially  of  the  larger  ones,  is  tolerably  constant.  They  are 
always  prismatic,  elongated  in  the  direction  of  the  vertical 
axis,  and  are  often  more  or  less  flattened  parallel  to  the  brachy- 
pinacoid; the  prismatic  planes  are  generally  numerous  and 
often  follow  each  other  in  oscillatory  combinations.  The  termi- 
nation of  the  free  extremity  is  generally  formed  by  the  zone 
between  the  brachypinacoid  5(010)  and  the  unit  macrodome 
2(101),  and  the  three  commonest  planes  are  2>(111),  r(848)  and 
3y(353),  of  which  the  plane  r  has  usually  the  larger  develop- 
ment. Together  with  these  ihe  new  plane  o),(5'10'3)  is  ordi- 
narily present.     This  occurrence  of  the  zone  mentioned  con- 

*  Ducking  enumerates  172  ou  the  epidote  from  the  Untersulzbachthal,  Z.  Krrst., 

321,  1878. 

••  Ber.  Ak.  Wien.  li,  Dec.  9,  186J.  %  Jalirb.  Min.,  1880,  i,  135. 
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laining  the  pyramidal  planes  121,  858,  843,  676,  111,  656,  328, 
SIS,  13  the  cominoD  feature  of  the  crystals  of  the  locality.  In 
other  crystals  the  zone  between  the  brachypinacoid  (010)  and 
the  macrodome  2'(203),  containing  the  pyramidal  planes  2'12'3, 
283,  278,  268,  258,  248,  238,  228,  213,  629,  all  but  one  of 
vhich  are  new,  is  strongly  developed  ;  as  many  as  nine  of  the 
planes  in  this  zone  have  been  observed  in  a  single  crystal. 


,,  gares  1  and  2  show  common  forms,  and  the  projections  on 
^^  basal  planes  given  in  figures  3  and  4  show  tbe  development 
•^r  the  two  zones  mentioned,  as  also  of  several  other  characteristic 
^*les.  In  some  cases  the  crystals  are  spear-shaped  being  sharp- 
^tted  oflF  by  very  steep  pyramidal  planes ;  several  of  these  do 
**ot  admit  of  exact  determination  being  rough  and  rounded,  but 
*^»eral  of  them  can  be  made  out,  as  /^GZl),  ^(361),  and  so  on. 
,  Tbe  m(»t  complex  of  the  crystals  are  generally  small,  vary- 
*'iK  in  thickness  from  J  mm.  to  IJ  mm.;  occasional  large  crys- 
**V8,  however,  show  a  considerable  number  of  planes,  these 
'Jeiog  sometimes  so  rounded  into  each  other  as  not  to  admit  of 
determination.     The  crystal  from  which   figure  4  was  drawn 


218  E.  S.  Dana — Stihnitefrom  Japa/n. 

has  a  length  of  7  inches,  the  planes  are  mostly  sharp  and  dis- 
tinct ;  another  crystal,  remarkable  for  its  symmetry,  but  mach 
rounded  on  the  edges,  for  the  opportunity  to  examine  which 
the  writer  is  indebted  to  Mr.  Clarence  S.  fiement  of  Philadel- 
phia, had  a  length  of  7^  inches  and  a  thickness  of  li^  (macro- 
diagonal)  and  2  inches  (brachydiagonal). 

The  bending  over  of  the  crystals  in  the  direction  of  the 
macrodiagonal  axis  is  a  very  common  peculiarity  of  these  crys- 
tals, and  seems  to  be  characteristic  of  the  species.  This  has 
been  described  at  length  by  Krenuer,  who  mentions  crystals  so 
bent  as  to  form  a  complete  ring.  With  the  Japanese  crystals  this 
bending  is  generally  confined  to  the  termination,  but  in  some 
cases  it  has  gone  so  far  that  the  edge  is  bent  between  two  adja- 
cent pyramidal  planes  {p  or  r)  so  as  to  make  a  right  angle  with 
itself.  Sometimes  this  result's  in  a  simple  rounding  over  of  the 
pyramidal  planes,  but  more  commonly  they  are  separated  into 
a  series  of  successive  apparent  planes.  This  irregularity  is  sa 
common  that  it  is  not  easy  to  find  crystals,  even  among  the 
smaller  individuals,  which  are  quite  free  from  it  Thus  in  a 
specimen  consisting  of  a  group  of  small  crystals  almost  all  are 
found  to  be  more  or  less  curved  at  the  extremities.  Fortunately 
this  makes  itself  manifest  at  once,  so  that  there  is  no  danger  of 
mistaking  false  planes  produced  by  this  irregularity  for  true 
crystalline  faces.  The  cause  of  this  common  peculiarity  it  is 
hard  to  explain.  In  the  case  of  some  of  the  larger  individuals 
it  would  seem  that  it  might  have  been  produced  by  mechanical 
means,  and,  though  this  is  not  generally  true,  in  all  cases  it  ap- 
pears as  if  produced  subsequent  to  the  formation  of  the  crystal. 
More  rarely  the  slender  prismatic  crystals  have  a  cork-screw-like 
twist. 

As  Krenner  (1.  c.)  has  observed,  it  requires  only  a  slight  pres- 
sure in  the  direction  of  the  axis  b  to  produce  this  bending  of 
the  crystals.  The  ease  with  which  it  takes  place  will  be  ap- 
preciated from  this  circumstance — a  slight  pressure,  accidentally 
given  to  a  small  crystal  which  was  being  adjusted  for  measure- 
ment on  the  goniometer,  served  to  transform  it  from  a  symmet- 
rical crystal,  capable  of  giving  accurate  measurements,  into  one 
with  curved  extremity,  quite  useless  for  this  purpose.  Selig- 
mann  (1.  c.)  has  observed  that  parallel  to  the  base  there  is  often 
a  *'gleitflache"  produced  by  the  molecular  sliding  perpendicu- 
lar to  the  brachypinacoid,  and  MUgge*  has  more  recently 
called  attention  to  similar  phenomena.  The  natural  prismatic 
crystals  are  often  terminated  by  a  striated  surface,  having  the 
position  of  the  basal  plane,  but  doubtless  to  be  regarded  only  as 
a  "gleitfliiche." 

The  exact  determination  of  the  axial  ratio  for  the  Japanese 

*  Jahrb.  Min.,  1883,  ii,  19. 
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stibnites  was  made  more  difficult  in  conseqaence  of  the  irregu- 
larity which  has  just  been  described.  Many  crystals  of  fault- 
less luster,  which  seemed  capable  of  giving  excellent  angles, 
were  found  to  be  quite  unreliable  because  of  an  incipient  bend- 
ing of  the  character  described.  In  cases  where  this  difficulty 
did  not  exist  the  results  were  very  satisfactory.  A  number  of 
crystals  were  subjected  to  careful  measurement  and  the  results 
obtained  from  the  best  one  of  these  deserve  to  be  stated  in  de- 
tail. It  showed  the  planes  p(lll),  r(343),  3^(353)  and  €0,(5 •10-3), 
all  giving  excellent  reflections  ;  there  were  also  present  several 
smaller  planes  and  a  number  of  prisms,  but  they  did  not  give 
results  accurate  enough  to  serve  the  purpose  in  view.  As  fun- 
damental (supplement)  angles  were  ootained 


353  >^  353=99'  39'  0'  and  353  >^  353=65°  1'  0" 

rrhe  following  comparison  between  the  measured  angles  and 
those  calculated  from  the  above  data  will  show  that  the  angles 
assumed  are  as  accurate  as  could  be  expected,  and  that  the 
crystal  is  unusually  free  from  irregularity. 


ui  .III 

H^  A  343 

^^3  vs  343 

?S3  .  353 

^3  .  353 

\'  y.  0-3    6l0'3 
^*  t  0-3    5l0-3 

^y  X  .111 

3^^.343 
*  *  ^  A  343 


Meas- 
ured. 

70°  4a 
70°  49 


Calcu- 
lated. 

70°  48' 


86°  66 
86°  55 

99°  39'» 
99°  39 

119^  27 
119°  27 

110'  36 
llO*  38 

119°    5 
119'    6 


86°  55 


'A 

7  \  99'  39' 


119°  27^ 


110°  38' 


9' 5' 


Ill-Ill 
111 -III 

343  -  343 
343  A  :l43 

353  A  3j^3 
353  s  353 

5-10-3^510-3 
5lO-3  -  5l0-3 

353  A  i{r>3 
333  A  353 

510-3  A  f)-lS-3 
5-I0-3a510-3 


24' 
23i 


4 


Meas- 
ured. 

71° 
71° 

62°  37'    ) 
62°  37^' S 

55°    !'♦ 
55° 

51°  34 
bV  34 

126^26'    ),^ 
126°  28'    S 

150°  29f 
150°  30' 


Calcu- 
lated. 


71°  24' 


62°  37' 


'\ 


51°  34^*^ 

6°  28' 

150    30' 


The  above  measurements  show  that  a  considerable  degree  of 
nfidence  may  be  placed  in  the  axial  ratio  deduced  from  the 
ndamental  angles  selected.     This  is 

a:  5:  c  =  1:  100749:  102660. 

The  prismatic  angle  /a/(iiOa1Io)=89''  34'-8. 

The  axial  ratio  obtained  by  Krenner.  diflfers  somewhat  from 

is,  he  giving — 

lll-lIl=70°33'-4     111-111  =  71°  39'-6,     and  110- ll0ss89°  6''8. 

The  following  is  a  list  of  the  planes  which  have  been  ob- 
^^rved  on  the  Japanese  stibnite,  those  which  are  new  being 
^^^arked  by  an  asterisk  (*\  The  planes  are  given  in  the  order 
*"^''  the  vertical  zones  in  wnich  they  occur : 
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PiDacoida  *-I  (100,  a),  i-t  (010,  5);  prisms  «-3  (310,  A),  t-5  (210,  n\  *-f  (320,  <)♦, 
/(IIO,  m),  i-f  (660,  K)*  t-l  (340,  r),  »-}  (230,  d),  i-f  (360,  Q,  1-2  (120,  o),  i-l  (250, 
Xf,  t-3  (130,^),  1-4  (140,  t),  1-5  (150,  <),  *-6  (160,  i»)*  t-7  (170,  ^♦;  macrodomw 
i.l(103,  Ir),  l-i  (203,  2)*  14  (101,  «),  9-i  (901,  *)♦;  brachydomes  i-l  (013,  y\ 
H  (012,  a;),  H  (023,  N\  l-i  (Oil,  i*),  24  (021,  H)*  44  (041,  F)*;  pjiamida 
J  (114.  /i)*,  ^  (227,  v)*,  i  (113,  »),  f  (223,  (t,)*,  1  (HI,  p\  3  (331,  ^;  macro-pyni. 

raids  %A  (829,*)*,  i4  (413,  M)-,  |-3  (629,  a,)\  1-3  (313,  X,)*\  H  (623.  «,)•, 
6-f  (521,  r)»;  1-2  (213,  <t);  l-"}  (323,  P.,)*  4-1  (431,  JT)*;  l"!  (666,  /,)•;  brachy. 
pyramids  ^-^  (910'3,  ^)*,  i'i  (676,  /?);  -,V1  (4-512,  c5)*;  |.f  (346,  Tj* 
i.I(343,  r),  if-l  (16-20-3,  Z>)*;  1-1  (2'33,  (T,)*,  ^-|  (20-30-9,  TT)*,  6-}  (1015'3, 
^*,  8-^683,  c.,)*;  V-J  (16-25-6,  F)*,  j-l  (358,  n)',  |-2  (123,  e),  t-2  (243,  (X,)*, 
2.2  (121,  v),  ^-2  (510-3,  w,)*,  6-2  (361,  ^);  V-»?  (6-11-3,  w*)*;  1-|  (266,  ^, 
4-1(253,  <tO*  2-3  (263,  (T.)*;  J^3  (10-30-9,  F)*  }.J  (273,  (T,)*;  H  (1«»  W 
3-4  (144,  G)\  H  (283,  a^)\  4-6  (2*1 23,  ^r.)* 

The  above  list  includes  70  planes,  of  which  40  are  new  to 
the  species.  In  addition  to  the  above  there  have  been  observed 
15  additional  planes,  as  given  below;  of  these  the  basal  plane, 
given  by  Haiiy,  must  be  considered  as  doubtful ;  Hessenberg 
gives  the  planes  w  and  /o,  Seligmann  observed  y,  and  the 
remainder  are  given  by  Krenner. 

0  (001,  c)?;  t-i  (430,  k)',  H  (106,  R).  i-i  (102,  y);  |4  (043,   Q),  H  (063,  J), 

ZA  (031,  J),   |4  (092,  y);  i  (112,  ^);   i-2  (214,  /);   1-^  (434,  a);  l-f  (878,  t\ 
3-3  (131,  w)\  f-4  (143,  ^);  f-S  (153,  p). 

In  conclusion,  I  state  here  briefly  the  observations  upon 
which  the  determinations  of  the  new  planes  are  based.  The 
measured  angles,  though  sufficient  to  determine  the  planes, 
could  seldom  be  exactly  obtained.  In  the  prismatic  zone  the 
new  planes  were  determined  by  angles  measured  on  the  brachy- 
piiiacoid  h  (010),  as  follows:  for  /  (320)  56°  50',  required  56' 
30i':  for  x  (560)  40°  4',  required  40°  1':  for  x  (250)  22^  9', 
required  21°  57':  for  &  (160)  9°  42',  required  9°  82';  for  » 
(170)  8^  21',  required  S""  11^'.  The  new  macrodomes  were  de- 
termined by  amrles  measured  on  the  macropinacoid  a  (100),  as 
follows:  for  2^^203)  55°  40',  required  55°  38^';  for  <P  (901) 
6°  20',  required  6""  11'.  The  new  brachydomes  were  determined 
bv  angles  measured  on  the  brachvpinacoid  b  (010),  as  follows: 
ioY  77(021)  26°  20',  required  26°  9i':  for  F(041)  14°,  required 
13°  48'.  In  the  zone  of  the  unit  pyramids  three  new  planes 
were  observed:  //  (114)  determinea  bv  the  angle  on  /(HO) 
=  70*^  17',  required  70'  8' :  :.(227)  also  in  the  zone  with  ir(012) 
and  I  (203) :  and  <t.  (223)  also  in  the  zone  with  203  and  OlO. 

In  the  zone  between  203  and  010  as  many  as  10  pvramidal 
planes  were  observed,  all  but  one  on  a  single  crystal,  and  of 
these  9  are  new.'  The  measured  angles  on  Z  (203)  were  for 
<f,  (629)  10°  30'.  for  a,  (223)  29'  30',  for  a,  (233)  40°,  for  c, 
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(248)  48^  1',  for  a,  (258)  54^  17',  for  n,  (268)  59°  7\  for  a,  (278) 
62*"  55',  for  <y,  (283)  65''  10'.  The  corresponding  calculated 
angles  are  respectively  (J,  10°  84^',  <y,  29°  15^',  ^,  40°  2i\  a, 
48^  15',  (T.  54°  28',  ^.  59°  16',  (t,  62°  58^',  (t.  65°  57'.  In  addi- 
tion,  the  plane  <y,  (2*12'8)  was  determined  on  another  crystal, 
being  in  a  horizontal  zone  with  F(041),  and  the  angle  9°  for 
2-12-3  on  041  being  given,  calculated  9°  16'. 

In  the  zone  between  z  (101)  and  b  (010)  in  which  8  planes 
have  been  previously  determined,  three  new  planes  were  ob- 
served ;  thev  were  fixed  by  the  angles  on  the  orachypinacoid, 
viz:  for  X,  (813)  77°,  required  76°  40J';  for  ;i,  (323)  64°  30', 
required  64°  89' ;  for  ;i,  (656)  59°  30',  required  59°  22'.     The 
common  plane  w^  (5'10*3)  was  determined  by  the  measure- 
ments given  in  the  table  above ;  in  the  same  horizontal  zone 
C503  to  010)  with  it,  three  other  planes  were  observed,  viz: 
^,(523)  also  in  the  zone  1  (110^  to  z  (101),  w,y^I=S6''  80',  re- 
quired 86°  6J';  also  w^  (538)  determined   bv  the  angle  on  b 
(010)  35°  81',  required  85°  Oi';  (o,  (5-11-3)  which  was  also  in 
the  zone  q  (180)  and  tj  (353),  the  measured  angle  on  b  (010)  was 
27°  59',  required  27°  57'. 

In  the  zone  with  a  (100)  and  o;,  (5*10'3),  two  planes  were  de- 
termined, viz:  F(10*80'9)  measured  angle  on  o;,=8°,  required 
^°   56';  and  W  (20*30'9)  measured  angle  on  a;,=7°,  required 
7"^  0'.    In  the  zone  with  7(110),  (o,  (5-10-3)  and  (J,  (278),  three 
^d<litional  planes  were  determmed,  viz:  Jj  (15'20*8)  measured 
aiigleon  /  (110)=10°,  required  10°  32';  ^(1015-3)  measured 
^^  7(110)  14°  30',  required  14°  35^';  7'(15-25-6)  measured  on 
^    <110)  19°,  required  18°  2'.     The  measured  angle  of  7(110) 
^^  ai,(510-8)  was  28°  29^',  calculated  23°  29'.     Of  the  remain- 
5^  g  planes  X  (431)  was  in  the  zone  7(110)  to  z  (101)  and  the 
^asured  angle  on  1  was  14°,  required  13°  42'.     The  plane  7 
46)  was  in  the  zone  N  (028),  ^  (146)  <y,  (223),-  the  angle  meas- 
*^^r^d  on  i\^was  23°  20',  required  22°  58^'.     The  plane  ?r(829) 
^'^  ^is  in  the  zone  a^  (629)  and  a  (100),  the  following  angles  were 
^Xso  measured   ^.n^ (203)= 12°  30',  required  12°  23';    ?r/.218 
t:  ^°,  required  9°  56'.     The  plane  2X521)  was  determined  by  the 
^^llowing  measurements:  Ta^T (521^521)= -^2^  15',  required  42° 
^';  T^h  {810)  11°,  required  10°  48';  r.N7=31°  45^  required 
'2°  16'.     The  planes  G^  (144)  and  H  {25o)  were  in  the  zone 
^^ith  u  (Oil)  and  a  (100),  the  angles  measured  on  u  were  10° 
^Tid  15°  80'  required  10°  11'  and  16°  2'. 

^  Since  the  aoove  pages  were  written  the  writer  has  received 
^:irom  Mr.  Stadtmiiller,  to  whom  he  is  otherwise  much  indebted, 
me  additional  material  which  promises  to  afford  some  new 
ints;  the  study  of  this  is  necessarily  deferred. 

Auguat  3,  1883. 
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Art.  XXVI. — Notes  on  the  Volcanoes  of  Northern  California, 
Oregon  and  Washv\gton  Territory  ;  by  ARNOLD  Haoue  and 
Joseph  P.  Iddings,  of  the  TJ.  S.  Geological  Survey. 

During  the  autumn  of  1870  the  geologists  attached  to  the 
Geological  Exploration  of  the  Fortieth  Parallel  made  a  prelim- 
inary reconnaissance  of  several  of  the  extinct  volcanic  cones  of 
Northern  California,  Oregon  and  Washington  Territory  for  the 
purpose  of  planning  detailed  investigations  of  the  principal 
volcanoes  of  the  Sierra  and  Cascade  Ranges.  A  further  study 
of  these  volcanoes  however  was  never  undertaken,  and  although 
the  explorers  brougfit  back  most  interesting  geological  and 
lithological  material  the  results  and  observations  of  the  work 
have  never  been  published,  with  the  exception  of  an  announce- 
ment in  this  Journal  for  March,  1871,  of  "  The  discovery  of 
actual  glaciers  on  the  mountains  of  the  Pacific  Slope,"  and  a 
popular  paper  on  "  The  volcanoes  of  the  United  States  Pacific 
Coast,"  read  by  Mr.  S.  F.  Emmons  before  the  American  Geo- 
graphical Society,  March  13th,  1877. 

Among  the  more  prominent  peaks  along  this  belt  of  volcanic 
cones  may  be  mentioned  Lassen's  Peak  and  Mount  Shasta  in 
California;  Mount  Pitt,  Three  Sisters,  Mount  JeflFerson  and 
Mount  Hood  in  Oregon ;  and  Mounts  St.  Helens,  Adams, 
Rainier  and  Baker  in  Washington  Territory.  From  this  long 
line  of  volcanoes  the  geologists  of  the  Fortieth  Parallel  Survey 
selected  for  the  purpose  ot  exploration  the  four  peaks  which, 
from  their  size,  position  and  geological  relations,  might  be  taken 
as  typical  of  the  chain.  Mr.  Clarence  King  explored  the  two 
great  cones  of  California;  at  the  same  time,  Mr.  S.  F.  Emmons 
undertook  the  examination  of  Mount  Rainier,  while  Mt.  Hood 
was  visited  by  one  of  the  writera  of  the  present  article.  The 
collections  which  they  made  at  that  time  were  deposited  in  the 
cabinet  of  the  survey. 

Lassen's  Peak  is  situated  in  California  just  north  of  the 
fortieth  parallel  of  latitude,  where  the  continuity  of  the  bold 
crest  of  the  Sierra  Nevada  Range  breaks  down  and  is  replaced 
by  lower  and  less  regular  ridges.  From  Lassen's  Peak  this 
magnificent  chain  of  volcanoes  extends  northward  at  irregular 
intervals  for  nearly  five  hundred  miles.  The  principal  volca- 
noes follow  in  general  the  axial  lines  of  the  Sierra  and  Cascade 
Ranges,  breaking  out  either  alon^  the  main  line  of  upheaval  or 
at  short  distances  to  the  westward.  Volcanic  extrusions  along 
fissure  lines  and  flows  of  lava  of  greater  or  less  extent  unite 
the  main  peaks,  forming  a  nearly  continuous  belt  of  igneous 
rocka 
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Mount  Rainier  is  the  grandest  of  all  the  volcanoes  of  the 
Northwest  and  forms  the  most  prominent  topographical  object 
in  Washington  Territory,  rising  proudly  above  all  other  peaks, 
and  towering  far  above  the  crest  of  the  Cascade  Range  which 
hes  about  twenty  miles  to  the  eastward.  The  surface  features 
of  the  western  portion  of  the  territory  have  been  greatly  modi- 
fied by  the  great  lava-flows  of  the  volcano,  and  no  less  than 
four  important  rivers  of  the  territory  rise  among  the  glaciers  of 
the  mountain:  the  Nisqually,  Puyallup  and  White  Rivers, 
which  flow  into  Puget  Sound,  and  the  Cowlitz  which,  running 
in  a  southwesterly  direction  pours  into  the  Columbia.  Snow 
and  ice  cover  the  top  of  the  volcano,  reaching  downward  for 
five  or  six  thousand  feet,  while  with  the  most  marked  contrast 
the  broad  base  of  the  mountain  supports  a  dark,  dense  forest 
vegetation  of  great  grandeur.  The  summit  of  Mount  Rainier 
is  formed  by  three  peaks,  the  highest  situated  to  the  eastward 
of  the  other  two  and  separated  from  them  by  deep  and  nearly 
inaccessible  gorges,  although  they  attain  within  a  few  hundred 
feet  of  the  same  altitude.  The  main  peak  presents  a  perfect, 
circular  cone  with  a  crater  about  a  Quarter  of  a  mile  in  diam- 
eter. The  altitude  of  the  peak  as  aetermined  by  the  United 
States  Coast  Survey  is  14,444  feet. 

Mount  Hood  is  situated  directly  on  the  crest  of  the  Cascade 
Range,  about  twenty-five  miles  south  of  the  Columbia  River. 
It  has  an  altitude  of  11,225  feet  above  sea-level,  rising  about 
6OO0  feet  above  the  main  range,  but  the  long  lava  flows  ex- 
tending in  every  direction  from  the  base  of  the  volcano  have 
'>uried  beneath  their  mass  nearly  all  remnants  of  preexisting 
'poks.     Mount  Adams  and  Mount  St.  Helens,  on  the  north 
®>de  of  the  Columbia  River,  form  with  Mount  Hood  a  triangle, 
/he  area  of  which  has  been  the  center  of  great  volcanic  activ- 
^^y.    The  summit  of  Mount  Hood  is  a  single  peak,  a  portion 
?*    a  rim  of  an  ancient  crater,  opening  to  the  south.     The  crater 
^   ^bout  one-half  a  mile  wide  from  east  to  west,  the  encircling 
'^^Jl  for  three-fifths  of  the  circumference  rising  450  feet  above 
^  ^  snow  and  ice  which  fills  the  basin. 

Jfone  of  the  volcanoes  along  this  belt  occupy  so  cornpara- 

^  "^^ely  isolated  a  position  as  Mount  Shasta,  which  stands  upon 

^'^   open   plain  with  the  neighboring  hills  and   ridges  many 

*^  ousand  feet  lower.     The  great  range  of  the  Sierra  has  fallen 

?;''^Vay  and  is  followed   by  low  obscure  ridges,  confused  and 

^^^Ken   up   by  volcanic   outbursts.     The   altitude   of    Mount 

^tiasta   is  given   at   14,440  feet  above  sea-level,  and  as  the 

'^^ighboring  ridges  rarely  attain  an  altitude  of  over  3000  feet, 

^•«^€  volcano  presents  an  imposing  spectacle,  surpassed  by  few 

*^cxountains  in  the  world.      As  seen  from  the  west  the  volcano 

l^fesents  a  double  cone,  with  the  smaller  built  upon  the  flanks 
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of  the  larger  one  and  about  2000  feet  lower.     The  main  cone 
possesses  a  very  regular  outline,  with  remarkably  steep  slopes 
of  uniform  angle.     Around  the  broad  base  of  Mount  Shasta 
numerous  lesser  cones  have  broken  out,  oflFerinff  a  great  variety 
of  volcanic  phenomena.     One  of  these,  which  nas  been  named 
Little  Shasta,  rises  to  more  than  3000  ifeet  above  the  neighbor- 
ing valley.     Seventy  miles  southeast  of  Mount  Shasta,  not  far 
from  the  boundary  between  Nevada  and  California,  occurs  Las- 
sen's Peak,  lying,  as  already  mentioned,  along  the  direct  line  of 
the  Sierras,  where  the  granite  of  the  main  range  has  been  ab- 
ruptly broken  down.     The  region  has  been  the  seat  of  great 
volcanic  activity  lasting   through   long  periods  of    time,  the 
present  mountain  forming  but  a  remnant  of  former  extrusions, 
and  so  far  as  geological  interest  is  concerned  is  probably  unsur- 
passed by  any  other  mountain.     Lassen^s  Peak,  however,  is  by 
no  means  as  conspicuous  an  object  as  many  of  the  volcanoes, 
being  surrounded  oy  other  cones  of  considerable  elevation,  all 
of  them  rising  out  of  a  great  volcanic  table.     The  altitude  of 
Lassen's  Peak  is  given  at  about  10,500  feet     It  is  a  broad, 
irregularly  shaped  mountain  with  four  prominent  summits  and 
abundant  evidences  on  the  slopes  of  comparatively  recent  ex- 
trusions of  lava. 

As  the  rocks  brought  back  may  be  considered  as  represent- 
ing  the  principal  types  of  the  ejected  lavas  from  the  aifferent 
flows,  a  large  number  of  thin  sections  have  recently  been  pre- 
pared for  the  purpose  of  comparative  study  with  the  volcanic 
rocks  of  the  Great  Basin,  and  their  microscopic  examination 
has  been  followed  up  by  chemical  investigation.  While  a  cur- 
sory examination  of  these  rocks  shows  certain  special  charac- 
teristics in  color,  habit  and  form  of  crystals  which  in  many 
cases  easily  identifies  hand  specimens  with  one  or  the  other  of 
the  volcanoes,  a  comparative  study  of  their  mineralogical,  struc- 
tural and  chemical  features  shows  the  closest  identity  in  the 
nature  of  the  ejected  material  from  the  four  volcanoes.  In 
their  lithological  characters  they  possess  so  many  features  in 
common  that  a  general  description  might  be  given  which 
would  be  applicable  to  them  all. 

These  four  great  cones,  which  may  be  taken  as  tvpical  of  the 
chain,  are  all  andesite  volcanoes,  with  extrusions  of  tasalt  break-  ■ 
ing  out  upon  their  sloj^es  and  along  the  edges  of  the  plain 
extending  in  all  directions  for  long  distances.  From  the  com- 
pact basic  basalts  of  normal  type  to  the  more  porous  acidic 
andesites  similar  variations  in  mineral  composition  and  minute 
details  of  structure  are  found  at  each  of  the  volcanoes.  Thii 
similarity  holds  good  not  only  in  macroscopic  characters,  but  is 
still  more  marked  in  microscopic  structure.  In  size,  color  and 
distribution  of  porphyritic  crystals,  in  structure  of  groundmasBi 
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lature  of  the  glass  base,  and  in  the  transitions  from  a 
pure  glass  to  a  crystalline  condition,  many  rocks  from 
cano  may  be  easily  correlated   with  those  from  one  or 
the  other  peaks. 

•  similarity  in  chemical  composition  is  strikingly  shown 
following  analyses  of  typical  rocks  from  each  of  the  four 
es.  Nos.  I,  II,  in,  are  taken  from  the  report  of  the 
cal  Exploration. of  the  -tOth  Parallel.  No.  IV,  as  well 
y  all  the  rest  of  the  chemical  work  referred  to  in  this 
vas  done  by  Mr.  P.  W.  Shiiner  under  the  supervision  of 
)mas  M.  Drown,  in  his  laboratory  at  Easton. 
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e  the  rocks  from  these  volcanoes  in  general  present  the 
resemblances,  there  is  a  wider  range  and  a  greater 
of  structure  in  the  more  acidic  types  from  Lassen's 

nd   Mount  Shasta.     On  the  other  hand,  judging  from 

ections,  the  range  in  the  character  of  the  extrusions  is 

stricted  at  Mount  Rainier. 

hese  rocks  then  may  be  classified  under  the  following 

Uy  composed  of  plagioclase,  augite  and  olivine,  as  essen- 

lerals. 

Tsihene-Amlesite,    having    plagioclase,    hypersthene   and 

IS  essential  minerals. 

blende- Andesite J  with  plagioclase,  hornblende  and  pyrox- 

3ssential  minerals. 

te,  composed  of  plagioclase,  mica,  hornblende  and  quartz 

itial  minerals. 

It  is  represented    by  but  few   hand   specimens  which 

in  general  to  the  type  found  throughout  the  great  basin, 

,  they  are  more  or  less  dense  rocks,  sometimes  quite 

ar,  varying  in  color  from  dark  to  light  gray,  and  occa- 

7   mottled.     They  show   no  porphyritio  crystals  other 

UR.  Sgi.— Third  Sbbibs,  Vol.  XXVI,  No.  158.— Sept.,  1888. 
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than  olivine,  and  those  only  in  small  crystal&     In  thin  sectiot 
they  appear  to  vary  in  degree  of  crystallization.     The  moit 
coarsely  crystalline  have  very  uniform  grain,  and  are  composed 
of  lath-shaped  plagioclase  fefdspars  with  high  extinction  angles; 
irregular  grains  of  light  brownish  green  augite,  and  colorless 
olivine  sometimes   in   porphyritic  crystals  with   magnetite  in 
minute  crystals  and   particles  aggregated  in  irregular  patches 
accompanied  by  a  little  glass  that  fills  the  interstices  between 
the  other  minerals.     The  smaller  grained  varieties  have  a  more 
porphyritic  structure/ and  consist  of   a  groundmass  of    lath- 
shaped  plagioclase  crystals,  with  augite  and  magnetite  and  glass 
base  in  varying  proportions,  through  this  are  scattered  small 
porphyritic  plagioclases  and  olivine  and  occasionally  augite. 

Hypersthene-nndedU. — The  hand  specimens  of  this  rock  are  in 
general  very  porous,  with  rough  surface  and  hackley  fracture. 
They  vary  in  color  from  blue-black  to  steel-gray,  with  red  and 
reddish  gray  varieties.  The}'  also  occur  in  all  stages  from 
thoroughly  crystalline  dense  forms  to  almost  white  glassy 
pumice.  For  the  most  part  they  are  crowded  with  very  small 
porphyritic  crystals  of  which  the  feldspars  are  the  most  notice- 
able, the  Fe,  Mg,  silicjites  being  more  apparent  in  the  lighter 
colored  varieties.  The  thin  sections  show  a  striking  uniformity 
in  the  nature  and  character  of  the  porphyritic  crystals,  but 
great  variation  in  the  structure  and  condition  of  the  ground 
mass,  which  aflbrds  a  most  interesting  field  for  studying  the 
gradations  between  a  brown  glass  base  and  a  holocrystalline 
groundmass.  The  ]>orphyritic  felds])ars  in  the  thin  sections 
appear  t(>  be  wholly  plagioclase.  no  orthoclase  having  been 
recognized,  they  are  very  fresh  and  present  between  crossed 
Nicols  a  most  beautiful  zonal  structure,  and  quite  irregular 
bands  of  twinin.g,  which  with  sharply  defined  straight  edges 
vary  in  length,  breadth  and  iiunibtMS,  and  are  formed  both  alter 
the  albitc  and  p(M'iclino  laws.  Inclusions  of  glass  arc  very 
abundant  in  sonic  tjrystals  and  c'litirely  wanting  in  others. 
When  of  coijiparatively  large  size  they  are  scattered  irregularly 
through  the  crystal,  but  when  very  minute  they  occur  in  aggre- 
gations that  sometimes  Ibrni  z(jnes  at  the  margin  or  center  of 
the  feldsj)ar.  From  the  size  of  the  symmetrical  extinction 
angles  observed  it  would  aj)i)rar  that  a  part  of  the  plagioclase 
is  anorthite,  but  that  for  the  most  part  the  feldspar  is  labra- 
borite  or  andesine,  and  such  was  found  to  be  the  case  when  the 
feldspars  from  tlu^  hypei'sthene  pumice  were  analyzed  chemi- 
cally.    (Sec  analyses  III  aijd  IV,  table  II.) 

The  Fe,  Mg,  silicate  of  this  rock  is  pyroxene,  partly  hy|)ers- 
thene,  partly  augite,  the  hypersthene  predominating.  In  thin 
section  the  latter  is  a  light  brown  mineral  with  a  tinge  of 
green,  which  in  i)olarized  light  shows  a  strong  pleochroism,  be- 
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ng  green  when  the  axis  c  is  parallel  to  the  prinoipal  plane 
>f  the  polarizer  and  yellowish  brown  at  right  angles  to  it,  of 
liferent  intensities  parallel  to  the  a  and  o  axes.     It  occurs 
in  well  developed  crystals  and  in  fragment,  and  sections  par- 
allel to  c  are  often  quite  free  from  cleavage   lines.      Cross- 
sections   show   the   pinacoids   more  strongly  developed   than 
the  prisra  faces,  and  the  prismatic  cleavage  more  distinct  than 
the  pinacoidal.     It  frequently  bears  numerous  glass  inclusions 
aud  magnetite  grains.     It  is  very  easily  confounded  in  thin 
sections  with  augite  in  ordinary  lights  which  with  very  simi- 
lar outline  is  of  a  pale  green  color ;   but   the  two  are  more 
readily  distinguished  between  crossed  Nicols  where  the  hypers- 
thene  shows  orthorhombic  extinction  aud  less  brilliant  inter- 
ference colors  than   the  augite  which   besides  has  in  general 
more  or  less  inclinetl  extinction.     In  order  to  demonstrate  be- 
yond all  doubt  b}'  both  chemical  and  optical   tasts  that  the 
strongly  pleochroic  pyroxene  observed  in  so  many  thin  sections 
was  really  orthorhombic  and   hypersthene,  Jis  had  been  sup- 
posed, it  was  desirable  to  isolate  the  mineral  from  all  other  con- 
stituents and  examine  it  in  a  pure  state.     The  rock  selected  for 
the  purpose  came  from  a  long  slope  of  Mt  Shasta  designated 
on  the  label  as  a  mud  flow.    It  is  a  porous  straw-colored  pumice 
with  a   comparatively  simple  mineral    composition  and    was 
chosen  on  account  of  the  large  amount  of  orthorhombic  pyrox- 
ene which  it  contained  and  the  ease  with  which  it  could  prob- 
ably be  isolated.     The  pumice  was  largely  composed  of  nearly 
colorless  glass  through  which  were  scattered  minute  crystals  of 

tyroxene  and  feldspar  which  under  the  microscope  proved  to 
e  triclinic;    there  was  a  little   apatite   present,   but   neither 
hornblende  nor  mica  could  be  detected.     As  the  very  friable 
pumice  could  easily  be  crushed  between  the  fingers,  although 
a  very  tedious  operation,  the  greater  part  of  the  pyroxene  was 
separated  from  the  rest  of  the  rock  constituents  without  injury 
to  the  terminal  faces  of  the  minute  crystals.     The  remainder  of 
the  pyroxene  was  then  separated  from  the  greater  part  of  the 
feldspar  and  glass  by  means  of  the  Thoulet  solution  of  iodide 
of  mercury  in  iodide  of  potassium.     Under  the  microsco|>e  the 
isolated   pyroxene  was  seen  to  consist  of  about  99  per  cent  of 
the  strongly  pleochroic  brown   mineral,  the  remainder  consist- 
ing of  light  green  augite.     Adhering  to  the  pyroxene  were 
minute  fragments  of  glass  and  a  little  feldspar  which  could  not 
be  removed  without  crushing  the  crysUils.     The  separated  min- 
sral  was  then  passed  under  the  microscope  and  the  augite  care- 
fnlly  removed  by  hand.     In  order  to  free  the  mineral   from 
}lass  and  feldspar  it  was  treated  as  described  by  M.  Fouque  in 
lis  admirable  work,  "  Santorin  et  ses  firuptions,"  with  concen- 
rated  fliuohydric  acid,  which  completely  decomposed  the  im- 
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purities.  The  white  deposit  of  silica,  owing  to  its  low  specific 
gravity,  was  easily  removed  by  water  and  mechanical  methods. 
This  isolated  pyroxene  was  found  to  consist  of  dark  brown 
crystals  in  stout  prisms  bounded  by  two  pinacoids,  a  prism  and 
pyramid,  and  wnen  rotated  about  the  c  axis  on  a  needle  point 
between  crossed  Nicols  they  showed  the  extinctions  in  tbe 
prism  zone  always  pamllel  to  that  axis.  Examined  in  con- 
vergent  light  the  interference  figure  was  that  of  a  biaxial  min- 
eral with  large  angle  between  the  optical  axes  and  with  a  n^. 
tive  bisectrix  perpendicular  to  the  plane  of  the  pinacoid, 
(?  00  Poo),  the  plane  of  the  optical  axes  being  parallel  to  the 
other  pinacoid.  It  was  therefore  proved  to  be  an  orthorhombic 
mineral  with  negative  optical  character.  The  green  augite 
which  was  separated  from  this  had  a  slight  pleochroism,  was  very 
free  from  inclusions,  and  when  rotated  between  crossed  Nicols 
showed  its  monoclinic  character,  the  maximum  extinction 
angles  being  42°  in  the  plane  of  the  clinopinacoid.  The  inter 
ference  figure  seen  in  a  section  parallel  to  the  orthopinacoic 
was  a  bar  located  a  little  to  one  side  of  the  field  of  the  micro 
scope,  showing  an  optical  axis  nearly  at  right  angles  to  this 
pinacoid,  the  plane  of  the  optical  axes  being  parallel  to  the 
other  pinncoi<l. 

In  the  second  column  of  the  subjoined  table  is  given  an 
analysis  of  the  orthorhombic  pyroxene,  which  shows  that  the 
material  analy/.od  was  remarkably  pure  hypersthene  without 
admixture  of  au^rite,  the  impurities  being  such  as  are  derived 
from  f(uvi>rn  inclusions  within  the  crystals.  These  resultg 
show  the  mineral  from  the  Mount  Shasta  j)umice  to  agree  more 
closely  with  the  the*>reiieiil  eomposition  of  hypersthene  thaa 
that  from  HutValo  Peak  in  Colorado,  as  ^riven  bv  Whitman 
Cross."^  or  with  that  from  Saniorin  as  published  by  M.  Fouqu^f 

To  the  feldspar,  hypersthene  aiul  augite  of  first  consolidatioa 
in  these  hypersthene  amlesites  must  be  added  the  largest  grains 
of  maunetiie  seattered  throuLMi  the  rock.  As  remarked  before, 
the  character  of  these  iH»n^iiyniie  minerals  remains  quite  con- 
slant  while  the  structure  of  the  irroundmass  presents  every  jxe- 
sible  degree  of  cousoli^iation,  from  pure  glass  to  a  completely 
erystalli/ed  agi^regation  of  magnetite,  pyroxene,  feldspar  and 
quart/..  In  g<>neral  the  groundniass  consists  of  more  or  less 
glass  base,  sometimes  globulitie.  ai  others  pure,  full  of  latli- 
shaped  and  reetangular  feldspars,  smaller  pyroxene  crystals 
and  mairnetite  t; rains,  whieh  varv  trreatlv  in  size  in  difi'erent 
specimens.  The  darker  colored  rocks  have  a  groundmass 
rich  in  brown  or  ulobulitie  irlass  with  small  microlites  of  feld- 
spar  and   pyroxene:  the  ligiiter  coloreil  ones  having  colorless 

♦  Uullotiii  of  t)io  r:'.tovi  Siaio*  » Joolocioal  purvey.  Xo.  1,  1883. 

♦  Sainorin  oi  sos  Kniutions,  Taris.  ISTO. 
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glass  with  much  larger  microlites  of  feldspar  and  pyroxene  and 
niagnetite.     The  minuteness  and  intimate  association  of   the 
ininerals  of  such  a  groundmass  renders  a  mechanical  separa- 
tion of  them  for  chemical  analysis  impossible,  and  interferes 
also  with  a  perfect  isolation  of  the  larger  feldspars.     But  in  the 
case  of  the  pumice  from  which  the  hypersthene  just  described 
was  extracted  the  groundmass  is  an  almost  pure  glass,  and  as 
the  microscope  shows  that  the  hypersthene  was  the  first  of  the 
essential  minerals  to  crystallize  from  the  original  magma,  an 
analysis  of  the  rock  is  of  considerable  interest.     In  the  first 
column  of  table  II  is  given  a  complete  chemical  analysis  of 
the  pumice  which  does  not  vary  materially  from  the  analyses 
ot  the  more  compact  lavas  given  in  table  I.      Lithologically 
it  differs  from  the  other  rocks  in  being  more  porous  and  lighter 
in    color  as  the  iron  is  nearly  all  taken  up  by  the  hypersthene 
and  a  trace  of  magnetite.     The  phosphoric  acid  is  accounted 
for  by  the  presence  of  apatite.     The  titanic  acid  is  probably 
asj5ociated  with  the  magnetite.     As  shown  by  the  analyses  the 
traxie  of  manganese  is  all  concentrated  in  the  hypersthene  as 
iwrell  as  the  greater  part  of  the  iron  and  magnesia.     After  sepa- 
rsLtiing  the  heavier  minerals  from  the  feldspar  and  glass,  the 
latter  were  subjected  to  the  Thoulet  solution  in  order  to  com- 
pletely isolate  the  glass^  from  feldspar.     An  amount  of  glass 
was  finally  obtained  which  gave  optical  tests  of  carrying  very 
little  if  any  feldspar.     It  was  however  a  much  more  difficult 
^«^k  to  free  the  feldspar  from  particles  of  adhering  glass,  and 
only  after  repeated  trials  was  a  product  secured  which  con- 
fined a  nearly  pure  feldspar.     All  attempts  to  determine  two 
distinct  feldspars  by  differences  in  specific  gravity  proved  futile 
^od  it  seems  probable  that  the  greater  number  of  them  be- 
longed to  one  species.     In  volcanic 'rocks  rich  in  glass  base, 
^ntaining  minute  feldspars  it  would  seem  nearly  impossible  to 
^nfipletely  separate  such  species  as  labradorite  and  oligoclase. 
The  diflBculty  is  not  so  much  owing  to  slight  differences  in 
specific  gravity  as  to  the  impurities  in  the  crystals,  so  that  a 
labradorite  rich  in  glass  inclusions  might  readily  be  of  less 
JP^cific  gravity  than  a  pure  oligoclase.     Two  separations  of 
feldspathic  material  were  obtained  ;  one  with  specific  gravity 
frorn  2-66  to  2-68  and  the  other  from  2-64  to  2*66,  analyses  of 
'^Qich  are  given  in  columns  III  and  IV.     The  two  products 
^^   strikingly  similar  in  composition  and  do  not  agree  with 
^y  known  species.     In  all  probability  they  represent  the  same 
•cldgpar  renaered  more  or  less  impure  by  foreign  ingredients. 
•*^vertheless  the  results  are  exceedingly  interesting,  showing  so 
^^   as  they  go  that  the  heavier  portion  is  richer  in  lime  and 
'^^gnesia  and  carries  somewhat  more  iron,  while  the  lighter 
P^i'tion  holds  more  silica  and  alkalies.     As  the  original  rock 
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carries  considerable  lime,  of  which  very  little  is  taken  up  by 
the  pyroxene,  it  is  reasonable  to  suppose  that  all  the  larger 
feldspars  are  labradorite  mingled  with  others  which  may  be 
andesine  and    oligoclase.      An  analysis   of  the  glass   which 
forms  the  base  of  the  pumice  is  given  under  number  V.    It  jg 
highly  siliceous,  showing  a  falling  off  in  alumina,  the  feldspar- 
making  element  which  together  with  the  lime  had  not  entered 
into  the  first  crystallizing  mineral,  liypersthene.     On  the  other 
hand  the  analysis  shows  a  considerable   relative   increase  of 
alkalies  with  the  greater  part  of  the  potassa  of  the  original 
rock,   which  had   not  been  taken   up  by  the  minerals  whicW 
crystallized  out  concentrated  here  in  the  residual  glass. 
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Hornhknde-Andesite. — The  examples  of  hornblende-andesiie 
are  of  two  kinds :  one  which  resembles  the  hypeisthene-ande- 
site  very  closely  and  is  distinguished  from  it  solely  by  the 
abundance  of  hornblende  in  porphyritic  crystals :  another  that 
has  n  compact  gray  liTouncimass  with  large,  brilliant,  black 
hornblendes  and  has  the  same  a])pearanee  as  the  celebrated 
domite  from  the  Puy  de  Dome  in  Southern  France.  The  first 
mentioned  variety  is  best  describcMl  l)y  saying  that  it  has  the 
same  general  habitus  and  microstructure  as  the  lighter  colored 
kinds  of  hvpcrsthene-andesite  and  similar  mineral  constitution 
with  the  addition  of  a  reddish-brown  hornblende,  in  some 
specimens  brownish-green,  which  in  places  has  a  small  black 
border.  This  type  of  rock  then  is  composed  of  plagioclase  feld- 
spar, hornblende,  hy])ersthene,  a  little  nugite  and  magnetite,  that 
are  found  in  i)ori)hyritic  crystals  embedded  in  a  groundmass 
of  the  same,  generally  with  the  exception  of  hornblende,  with 
or  without  glass.  The  feldspars  appear  to  be  less  basic  than 
those  in  the  hypersthene  andesite,  giving  extinction  angles  corre- 
sponding to  andesine.  ^riie  second  variety  of  hornblende  ande- 
site,  which  is  represented  only  by  hand  specimens  from  Straw- 
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berry  Valley  near  Mount  Shasta,  when  in  thin  sections  is  seen 
to  consist  chiefly  of  a  groundmass  of  lath-shaped  feldspars, 
Bmaller  pyroxene  micro-crystals  and  a  little  magnetite  with  or 
without  colorless  glass,  through  which  are  scattered  a  few  small 
porphyritic  plagioclases  and  relatively  very  large  hornblendes, 
which  in  some  specimens  are  reddish  brown,  in  others  brownish 
green.  They  are  occasionally  surrounded  by  a  border  of 
mametite  and  augite  grains,  which  in  some  cases  have  entirely 
replaced  the  hornblende  substance.  There  are  no  porphyritic 
pyroxene  crystals;  of  the  porphyritic  feldspars,  a  few  appear  to 
oe  as  basic  as  anorthite,  a  very  interesting  fact  when  tne  silica 
percentage  of  the  rock,  65*27  per  cent,  is  considered,  and  which 
may  account  for  the  small  amount  of  pyroxene  in  the  ground 
/nass  and  for  its  being  all  hypersthene.  A  chemical  analysis  of 
the  rock  would  probably  show  a  relatively  large  amount  of 
alumina. 

JhcUe. — A  fourth  type  of  rock  occurs  as  an  extr'eme  volcanic 
outburst  about  four  miles  to  the  northwest  of  the  highest  point 
of   Lassen's  Peak,  which  for  several  reasons  requires  a  detailed 
'notice.     Owing  to  the  broken  and  rough  nature  of  the  place, 
^he  appropriate  name  of  Chaos  has  been  applied  to  the  region. 
All  geologists  who  have  visited  the  place  agree  that  it  is  one  of 
'he  latest,  if  not  the  most  recent  extrusion  from  the  peak,  as  is 
shown  not  only  in  the  hot  springs  and  in  the  constant  escape 
^^  steam  and  gases,  but  in  its  relation  to  the  surrounding  rocks. 
^  he  rock  is  not  only  quite  different  in  mineral  composition  and 
?^^Ucture  •  f rom  anything  else  in  the  collection  from  Lassen's 
"®ak,  but  is  quite  unlike  the  rocks  brought  in  from  the  other 
^"olcanoea     Baron   von  Richthofen,   who  visited   the  volcano 
during  his  studies   upon  the  relative  age  of  volcanic  rocks, 
^hich  he  afterwards  published  in  his  very  able  work,  **  A  Nat- 
ural system  of  Volcanic  Rocks,**  regarded  this  rock  as'one  of 
S^'eat  interest,  and  mentions  the  locality  as  a  typical  one  for 
^    Variety  of  rhyolite  which  he  named  nevadite,  or  granitic 
?*hyolite  from  its  close  resemblance  to  granite.     He  says,  •*  geo- 
logically nevadite  appears  to  hav'e  been  produced  as  frequently 
^y    volcanic  activity  as  by  massive  eruption.     An  interesting 
*^^currence  is  that  at  Lassen's  Peak,  where  it  was  first  discov- 
^''ed  by  Prof.  W.  H.  Brewer  and  Mr.  Clarence  King."     A  few 
^'^Urs  later  Mr.  King  revisited  the  place  and  brought  back  the 
?P^imens  upon  which  the  present  observations  are  based.     Our 
^^^Vestigations  lead  us  to  quite  ditfercnt  results,  and  we  can  not 
regard  the  rock  as  in  any  sense  entitled  to  be  classed  as  a  rhyo- 
^  ^,  as  we  fail  to  find  among  the  many  sections  of  feldspar  any 
y^terminable  sanidine,   an   essential    constituent   of  rhyolite. 
^  pen  a  superficial  examination  the  hand  specimens  bear  a 
^^tigularly  close  resemblance  to  granite,  especially  to  the  more 
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common  types  of  the  Sierra  Nevada,  but  a  closer  scrutiDy 
brings  out  a  fundamental  difference,  as  the  rock  is  rich  in  glass 
base,  through  which  the  secreted  minerals  are  scattered.     The 
specimens  vary  from  a  moderately  compact  rock  to  others  of  a 
pumice  like  character,  the  glass  being  drawn  out  in  fine  bain 
or  threads  across   the  cavities  and  open  spaces,   giving  it>  a 
porous  appearance.     It  is  a  quariz-mica-hornblende-plagioclase 
rock  and  may  be  classed  as  a  dacite,  the  quartz-bearing  mem- 
ber of  the  andesite  group,  and  it  is  the  only  rock  in  the  collec- 
tion in  which  quartz  is  so  abundant  as  to  be  regarded  as  an 
essential  constituent.     All  the  thin  sections  of  this  rock  exam- 
ined under  the  microscope  showed  the  closest  identity  in  struc- 
ture— a  colorless  glass  full  of  gas  cavities  of  all  sizes,  through      ' 
which  are  found  relatively  few  microscopic  crystals  of  plagio- 
clase,   and  hornblende  with   less   mica,   pyroxene,   magnetite, 
apatite  and  zircon.     This  forms  a  porous  ground  mass  whicVi 
bears   large   porpliyritic   crystals   of   plagioclase,   mica,    horn- 
blende and  quartz,  and  very  rarely  pyroxene.     Nine-tenths  of 
the  feldspars  showed  lines  of  striation,  the  remainder  appearii:ig 
to  be  brachypinacoidal  sections  of  the  same  species,  showix::*g 
strong  zonal   structure.     No  sanidine  was  detected  in  any    <h 
the  sections.     The  felds])ars  contain  very  large  and  abunda.  "wit 
glass  inclusions,  some  with  as  many  as  nine  gas  bubbles  in  o  ^»e 
globule  of  glass.     The  mica  is  reddish  brown  in  basal  sectioMrns, 
with  small  angle  between  the  optical  axes.     The  hornblende     is 
greenish  and   reddish  brown  and  is  without  dark  border.     T^  he 
pyroxene  is  both  liypersthene  and  augite.     Quartz  that  appe  ^mx% 
so  abundantly  in  the  hand  specimens  is  seldom  seen  in  thin*.    ^• 
tion,  as  it  is  in  cracked  grains  that  drop  out  in  grinding;  wV  — aen 
met  with  it  is  seen  to  contain  only  glass  inclusions  in  di-he 


hcdral  forms.     The  following  chemical  analysis  of  this  dae  -     ite, 


given  in  column  I,  table  III,  shows  it  to  be  from  6  to  9 

cent  richer  in  silica  than  the  j)revailing  rocks  of  the  four 
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The  analysis  itself  would  indicate  that  the  rock  belonged  to 
the  dacites,  for  in  addition  to  the  increase  in  silica  there  is  an 
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increase  in  the  percentage  of  alkalies,  principally  of  potassa, 
with  a  corresponding  decrease  of  iron,  lime  and  magnesia.    If 
on  the  other  hand  we  compare  this  analysis  with  the  pub- 
lished and  unpublished  analyses  of  rh3'olites  from  the  Great 
Basin  we  find  a  relatively  low  percentage  of  alkalies  and  too 
large  amount  of  lime,  magnesia  and  iron.     In  other  words  it 
has  the  chemical  composition  of  a  dacite.     To  determine  more 
accurately  the  composition   of   the   feldspathic   material,   the 
feldspar  and  glass  were  separated  from  the  heavier  minerals  by 
the  Thoulet  solution,  and  the  products  subjected  several  times 
to  the  same  treatment  until  the  sepamtion  was  nearly  complete. 
The  result  gave  a  glass  nearly  free  from  feldspar,  and  a  feld- 
spar with  some  glass  particles,  but  regarded  as  not  enough  to 
vitiate  the  value  of  the  analysis.     In  column  II  of  the  third 
table  will  be  found  the  feldspar,  and  in  column  III  the  residual 
glass.     The  analyses  show  clearly  that  there  could  be  but  little 
if  any  sanidine  present    The  feldspar  analyzed,  although  a  little 
high  in  silica  owing  to  the  glass  jis  an  impurity,  as^rees  closel}' 
with  the  anal3'ses  usually  given   for  anilesme.     It  may  be  a 
mixture  of  andesine  and  oligoclase.     It  will  be  seen  that  by 
far    the  greater  part  of  the  potassa  of  the  rock  remains  concen- 
trated in  the  glsiss,  as  is  the  case  with  the  hypersthene-andesite 
par-nice.     In  this  case  the  potassa  in  the  residual  glass  is  in  ex- 
cess of  the  soda,  while  in  the  crystallized  feldspar  it  bears  to 
soda  the  proportion  of  about  1  :  7.     To  confirm  if  possible  the 
results  obtained   by  microscopic   and   chemical    investigation 
apoD  the  feldspars  in  the  dacite,  we  picked  out  a  number  of 
crjrstals  to  test  b}'  Dr.  Szabo's  admirable  and  delicate  method 
of    determining  feldspars  in  rocks  by  means  of  the  color  im- 
ATted   under   certain   conditions   to  the  flame  of   a  Bunseu 
timer.     For  the  application  of  this  method   we  are  greatly 
indebted  to  Dr.  Szabo,  who  during  his  visit  to  this  country  a 
year  ago  kindly  gave  us  practical  instruction  to  enable  us  to 
carry  out  his  tests.     All  feldspars  examined  gave  the  reactions 
for  andesine  or  oligoclase,  completely  confirming  the  results 
obtained  by  other  methods. 

The  four  types  of  rocks  just  described,  namely:  basalt, 
hypersthene-andesite,  hornblende-andesite  and  dacite  exhibit,  it 
is  true,  four  well  characterized  groups,  but  the}'  cannot  be  said 
to  be  sharply  defined  and  distinct  forms.  Indeed  between  any 
two  in  the  order  named  exist  all  possible  intermediate  varieties. 
Thus  among  porphyritic  basalts  are  found,  those  with  dimin- 
ishing olivine  and  increasing  hypersthene  which  may  equally 
well  be  called  hypersthene-bearing  basalts  or  oli vine-bearing 
hjpersthene-andesites.  And  right  here  it  may  be  well  to  point 
oat  the  relationship  existing  between  hypersthene  and  olivine. 
A  microscopic  study  of  these  intermediate  rocks  in  conjunc- 
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tion  with  chemical  determinations  has  shown  that  hvperathene 
is  the  substitute  for  olivine  in  rocks  differing  from  basalt  bj  ^ 
somewhat  higher  silica  i)ercentage,  the  former  mineral  being,  as  j^ 
is,  simply  the  bi-silicate  of  the  same  Fe,  Mg,  elements.  It  is  not 
strange  then  to  find  rocks  of  similar  structure  and  appe<iraQeQ 
difiFering  solely  in  the  relative  proportion  of  olivine  and  hyper^. 
thene,  and  passing  by  easy  gra<lations  from  basalt  to  hyper^. 
thene-andesiie. 

Between  horiiblcnde-amlesite  and  hypei'sthene-andesite  oceuj* 
varieties  in  which  only  a  small  amount  of  hornblende  is  founr] 
and  which  with  equal  propriety  might  as  hand  specimens  be 
considered  as  modifications  of  one  or  the  other  types. 

In  the  same  way  forms  are  found  intermediate  between  hom- 
blcndc-andesite  and  dacite,  whose  proper  connection  oul^ 
field  observation  can  determine.  It  will  be  remarked  that  a o 
mention  has  been  madeof  augite-andesite;  among  the  andesitos 
in  this  collection  from  the  volcanoes  none  have  been  found  i  ii 
which  the  predominating  pyroxene  is  augite. 

The  foregoing  general  descriptions  apply  to  the  varieties  oi 
lava  from  whichever  of  the  four  great  volcanoes  they  are  founcl. , 
and   it  only  remains  to  point  out  what  the  varieties  are  thrift 
occur  at  each  volcano  as  learned  from  the  present  collectior  :i  • 
Mount  Rainier  is  formed  almost   wholly  of  hypersUiene-and^^ - 
sitej  with  different  conditions  of  groundmass  anci  accompanie<^^ 
by  hornbh-nde  and  olivine  in  places.     The  rocks  from  ilouii  t 
Hood     are    olivine  -  bearing    hyittrbOitne-andesite    approaching 
basalt:  hornblenile-bt'aring  Jn/jn^rstlieneaudfinits  and  liornbkn(T^.-' 
aiifltsik.s.       From    Mount   Sli:i.sta   were  collected    has'dts  hot  li 
dense  and  porous  and  of  varyini^  shades  of  color;  hyperslhen  ^i-- 
amlt.<iUs  in   great    variety,    from  compact   to    pumiceous   aii  *1 
of  mtniv   color?!,  .some  bearinu    more  or   less    hornblende  aii  vl 
})ri'St.'ntin^   ilie  transition   forms  to  hornhlende-andesite,  whic  ii 
opcurs  in  abuiMhuu-e.     The  variety  resemblintr  domite  is  fro Tii 
Sisson's  Cone  and   IJlack  Butte,   Strawberry  Valley  near  M  i. 
Shasta. 

Fr(>m  Lassen's  Peak  iiave  been  brought  in  basalt,  hf/persl/ie^Jte- 
(iinlesite  with  small  amount  ol'  hornblende;  hornUende-andesife 
and  docitf.     One  variorv  of  the  iioriiblende-andesite  has  verv 
small  oorphvritic  crvstals.     A  chemical  analvsis  bein^r  Kiveii  in 
talile    1.   column  W,     Another  variety  esy»ecially   from  what 
have   i)een   callol  the  oarlit-r  and  later  flows,   has  quite  large 
crv>ials   K))^   ^dassv-lo(.->kini:   placrioclase,    hornblende  and  some 
mica  and  less  quartz.     The  rock  from  the  later  flow  has  fewer 
juirphyritic  crystals   tlian    tliat    from  the    earlier  one,   ami  is 
accompanied   bv    a    variety   of    hornblende-andesite   of  most 
curious  structure.     It  is  a  very  porous  evengrained  mass  com- 
posed of  tal>ular  plagioclases.  hornblende  and  colorless  glass » 
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the  hornblende  playing  the  same  role  as  the  augite  of  many 
diabases,  its  irregular  form  filling  the  spaces  between  well- 
developed  plagioclase  crystals,  which  in  part  appear  to  be 
anorthite  and  have  crystallized  before  the  hornblenoe.  There 
is  a  little  pyroxene  present  and  considerable  tridymite. 


Art.   XXVII. — Cassiterite,  Spodumene  and  Beryl  in  the  Black 
Hills,  Dakota ;  by  William  P.  Blake. 

Cassiterite  is  found  in  place  and  in  stream  deposits  in  the 
central  region  of  the  Black  Hills,  Dakota,  about  two  miles 
Tom  Harney  in  Pennington  County.  This  tin  ore  occurs  in  a 
/ein,  or  mass,  of  coarsely  crystalline  granite  rising  through  the 
3ne-grained  micaceous  and  siliceous  slates  of  the  Huronian 
period  flanking  the  granitic  axis  of  the  Harney  range  of 
[nountains. 

At  the  principal  point  of  discovery,  known  as  the  Etta  claim, 
;he  feldspar  quartz  and  mica  are  in  unusually  large  crystals. 
Some  of  the  cleavage  blocks  of  feldspar  measure  from  twelve 
:o  twenty  inches  across  and  the  mica  crystals  have  yielded 
sheets  of  commercial  value.  In  addition  to  these  minerals 
Lhere  is  an  abundance  of  spodumene  in  gigantic  crystals  rang- 
ing from  two  to  six  feet  in  length  and  from  eight  to  twenty 
inches  in  diameter.  The  first  masses  of  tin  ore  found  were 
imbedded  in  the  midst  of  the  crystals  of  spodumene  and  of 
feldspar,  and  yielded  fragments  of  nearly  pure  cassiterite  weigh- 
ing from  one  to  fifty  pounds  and  more.  The  chief  associate  or 
gangue  of  the  tin  ore  is,  however,  a  dense  aggregation  of  small 
crystals  of  mica,  gf  a  light  yellow  color,  forming  irregular  veins 
and  bunches  in  the  midst  of  the  granitic  mass.  In  this  mica- 
ceous rock,  formed  of  the  mica  with  a  white  spar  apparently 
albite,  the  tin  ore  is  disseminated  in  grains  from  the  size  of  a 
mustard  seed  to  the  size  of  peas,  and  sometimes  an  inch  in 
diameter.  These  grains  are  irregular  in  form ;  no  perfect  crys- 
tals have  yet  been  found.  They  can  be  easily  separated  froin 
the  mica  by  crushing  and  washing.  The  ore  appears  to  be 
very  clean;  no  wolfram  has  yet  been  found  with  it  in  the 
mica,  but  a  few  crystals  of  a  black  mineral,  believed  to  be  wol- 
framite, have  been  seen  in  the  mixture  of  spodumene  and  feld- 
spar.    No  topaz  has  yet  been  identified. 

At  another  locality  where  large  plates  of  muscovite-mica 
have  been  mined,  I  have  found  beryls  in  large  crystals,  im- 
bedded in  a  matrix  of  quartz,  resembling  the  beryls  found  in 
the  mica  mines  of  Acworth,  New  Hampshire,  though  not  so 
large. 
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AuT.  XXVIII. — Discovery  of  a  new  Planetoid;  by  C.  H.  J"^ 
Pktkrs.  (Communication  to  the  Editors,  dated  Litchfiel<j 
Observatory  of  Hamilton  College,  Clinton,  N.  Y.,  Aug.  I5 
lb88.) 

I  TAKE  pleasure  in  sending  notice  of  a  new  planetoid  tbat 
I  fell  u|)on  in  the  night  of  August  12th.  It  is  bright  9th  mag. 
nitude.  The  following  two  observations  are  considered  goo§ 
the  positions  of  the  comparison  stars  being  well  ascertained! 
Tlic  lilar  micrometer,  bright  wires  in  dark  field,  with  a  power 
of  270,  was  used. 

1883.  III.  I. 

h.    m.     «.  h.  m.      p. 

Aujf.  12,     13  4i>  28  a  [234]  =  2l  20  4817     rf  [234]=  -12'  29'    8-9" 

14.      12  4r>   11  a  [234]  =  21  19  40-44     (5  [234]=  —13       7    330 

From  the  very  strong  motion  in  declination  we  may  inf^r 
that  the  planet  is  comparatively  near  to  the  earth. 


SCIENTIFIC     INTELLIGENCE. 

L     CnKMlSTRY    AXD    PHYSICS. 

1.    On   (hi   lli/pof/tiitis  fj    Profit, — Gerukk    has   suggested      a 
uuulitiontion  of  tlio  Iiypolhosis  oi'  Prout,  hasod  upon  the  dynaiiiie 
assumption  th:U  iho  :Uoini>  thi*  rosult  o(  au  other  undulation.      A 
primary   \in»lulation   in  this  medium    would    produce  secondary 
waves  haviuij  relations  with  it  analoirous  to  those  of  sound  vihra- 
tivMis.     He]>resentinu:  one  of  the  elements  of  the  undulation,  the 
velocity  for  example,  by  the  atomic  weight,  tlio  autlior  has  sought 
lor  harmonic   relations   between   the  atomic  weights  of  different 
olenu'Uts   and   lias  touud    that    ihev   mav  he  divided  into  four 
classes,  diMinguished   by  the  dominant   valence   of  the  elements 
wliich  they  contain,  and  each  of  whicli  lias  a  common  divisor,  in 
sroneral  irnater  than  unitv  ;  so  that  the  atomic  weijrhts  of  hodie^ 
of  th.e  same  class  are  exact  nniltiples  of  this  common  divisor  by 
simple  tacioi-^.     For  tlu  tir^i  divisiiui  or  class  tlie  factor  is  0*7673 
or  O*7oi^"2:^   accordiuc:  a«*  i>  is  a>sumeti  as  15*00  or  10.     For  the 
second   di>isivMi    I'i^sV*^  er  J.      For   the  tliird  division   1 '5586  or 
l-,"»tvj:v     And  tor  the  toiirth  divisioi;  1"240»S:5  or  1"250.    The  rela- 
tion between  tl.isc  factor-^  and  b.ydrogen — tirst  pointed  out  to  the 
author  b\   F'.i!  v  Karle  Thase— is  i:ive!i  as  follows:  for  0=1 5*96, 
a,  ^:■^^;l^=0^^;•:s,  a^nrUor  *:ll  =  l  iiiv-n\   «is=H^*  ^^  (f)*H= 
v:>.^so.  and  .i^  =  Jll=l*J40s:^.     For  0=10,  the  values  are,of  <r^ 
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•76923,  of  a^  2*000  or  I -000,  of  a^  1-5625  and  of  a^  1-2600. 
*able8  are  given  showing  the  accord  between  the  calculated  and 
le  experimental  atomic  weights.  The  author  concludes  that 
lere  exists:  (1)  a  common  unit,  in  general  greater  than  1,  be- 
nreen  all  the  elements  which  belong  to  the  same  natural  group ; 
I)  simple  ratios  between  the  four  common  units,  the  multiples  of 
roich  mclude  all  the  atomic  weights  with  an  approximation  as 
lose  as  can  be  desired;  and  (3)  simple  relations  between  the 
'eight  of  all  the  elements,  distinct  from  those  claimed  by  Prout. 
-JSuIL  Soc.  Ch.y  n,  xxxix,  562,  June,  1 883.  G.  F.  b. 

2.  On  a  modified  form  of  V.  Meyer*  s  Vapor  density  apparatus, 
-ScHWARZ  has  substituted  the  ordinary  combustion  furnace  for 
18  special  furnace  employed  bv  V.  Meyer  in  determining  the 
ipor  density  of  substances  of  high  boiling  point.  A  trough  of 
leet  iron  a  millimeter  thick,  having  a  close-fitting  cover,  is 
aced  in  the  furnace.  Two  sloping  sheets  of  iron  cover  the 
irnace,  in  place  of  the  ordinary  clay  pieces.  The  though  has 
ipports  for  the  tube,  and  is  lined  with  asbestus.  This  tube  is 
osed  at  one  end  and  has  a  capacity  of  170-180  c.c.  From  its 
[>en  end  a  rubber  tube  communicates  with  the  collecting  tube. 
he  substance  is  introduced  in  a  porcelain  or  platinum  boat,  or 

liquid,  in  a  bulb  with  a  fine  open  point.  In  making  a  determi- 
ation  the  tube  is  placed  in  the  furnace  with  about  10  cm.  pro- 
jcting  from  the  end,  a  cork  ring  preventing  its  being  pushed 
ack.  A  double  screen  of  sheet  iron  is  placed  between  the  cork 
nd  the  furnace.  The  tube  is  filled  with  dry  nitrogen,  the 
reighed  substance  is  introduced  at  the  cool  end,  the  connections 
re  made  with  the  collecting  tube,  the  furnace  is  tipped  back  so 
s  to  allow  the  boat  to  slide  down  the  vaporizing  tube,  and  is 
ested  on  a  block.  Soon  bubbles  of  air  enter  the  collecting  tube 
nd  the  process  terminates  in  a  minute  or  less.  The  water  is 
jveled,  the  volume  of  air  read,  the  thermometer  and  barometer 
oted  and  the  vapor  density  calculated  by  V.  Meyer's  formula. 
Numerous  examples  of  results  obtained  in  this  way  are  given, 
inthracene  88*6,  cal.  89*0;  anthraquinone  105*1,  cal.  104*0;  am- 
lonium  chloride  13*67,  cal.  13*375  ;  triphenyl-mcthane  125*7,  cal. 
22"0,  etc.  The  author  has  shown  that  soft  paraffin  has  always  a 
>wer  vapor  density  than  hard  ;  the  former  gave  57*2  correspond- 
ig  to  the  formula  C,H,,;  the  latter  123*2,  the  formula  C^^H^ 
quiring  120. — Ber.  Bert,  Chem.  Ges.^  xvi,  1051,  May,  1883. 

G.  p.  B. 

3.  On  a  new  Tellurium  oxide,  a?id  07i  a  new  Beactio7i  of  Tel- 
rium. — ^DivERS  and  SniMOsi:  have  obtained  a  new  oxide  of  tel- 
rium  by  heating  in  a  vacuum  the  compound  of  sulphur  trioxide 
id  tellurium  until  it  decomposes.  It  is  a  solid  body  which  on 
mating  decomposes  into  tellurium  dioxide  and  free  tellurium,  the 
tier  volatilizing  before  the  former.     The  sulphoxide  was  heated 

a  tube  retort  in  a  paraffin  bath,  the  tube  being  connected  with 

Sprengel  pump.    It  fuses  to  a  pasty  mass,  then  decomposes^ 

itumescmg  very  much  and  evolving  sulphur  dioxide ;  its  brown 
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color  turns  to  tlie  black  of  the  new  oxide  which  now  resembles 
charred  cork.      The  vesicular  mass  is  rubbed  to  powder  and 
washed  with   water  containing  a  little  sodium  carbonate  to  re^ 
move  sulphur  compounds  and  tellurous  acid ;   then    with  pure 
water  and  alcohol  and  dried.     It  is  stable  in  ordinary  dry  air,  k 
black  in  color  with  a  brown  shade,  has  a  graphitic  luster  when 
pressed,  has  the  formula  TeC)  or  a  multiple  of  it,  is  decomposed 
bv  ]X)ta8sium  hydrate  on'  boiling,  and  by  hydrochloric  and  8ul- 
pnuric  acids  in  the  cold,  is  oxidized  readily  by  nitric  acid  and 
colors  8uli)hurie  acid  red  as  it  dissolves  in  it^  tellurous  sulphate 
being  deposited  from  the  solution.     It  aiipears  to  have  neither 
acidic  nor  basic  pro]>erties.     The  authors  have  also  prepared  and 
critically  examined  tellurium  sulplu>xide,  obtained  by  acting  on 
tellurium  vith  sulphur  trioxide  in  a  closed  and  exhausted  tube. 
Heat  is  evolved   and  the   loose  gray  tellurium  passes  into  the 
bulky  deen  red   sulphoxide.     After  digestion  at  30°-40®  the  ex- 
cess  of  SO  J,  was  drained  off,  the  last  portions  being  removed  by 
exhaustion  with  a  Sprengel  i)mnp  the  tube  being  heated  to  36®. 
Thus  ))repared,  ttdlurium  sulphoxide  is  an  amorphous  solid,  which 
softens  at  about  30°  without  melting ;  of  a  beautiful  red  color 
transparent  in  thin  layers,  quite  stable  when  kept  in  closed  tubes- 
having  the  formula  SO^Te;  and  decomposed  by  water  into  tel- 
lurium, tellurium  monoxide,  tellurous  acid,  sulphurous  and  buI- 
phiiric  acid.     It  ap]>e<ars  to  exist  in  two  modilicatious,  the  red 
varietv  being  converted  instantaneously  into  a  brown  substance 
at  00**  which  has  identicallv  the  same  composition.     To  the  red 

(  Te 

mcKlification    the   authors   assign    the    ionnuhi    ()  -!    i      ;  to  the 

/   SO 

\  TeO 
brown  varietv  the  formula  (>-.    i 

/   SO 

In  a  sul)se<|uent  pai)er,  Divers  and  Shiniose  have  described  u 
ntuv  and  delicate  reaction  for  tclluriuui.  When  suljdiuric  acid 
hoMinir  in  solution  :i  minute  quantity  of  tellurium  dioxide  is 
pourtMl  intt»  a  hy<lro*:?en  apparatus,  the  escaping  gas  will  contain 
hydn)gon  tcUuridc.  If  now  this  gas  is  passed  into  the  telluretted 
sulidiurie  acid  tlu-  re<l  c(»l(H-  of  tellurium  sulphoxide  is  develoi>ed 
in  the  liquid.  If  the  L?aseous  current  \>(i  continued  too  long,  the 
red  sul]dioxide  is  destroyed  and  a  hrown  insoluble  substance  ai>- 
pears,  sometimes  in  bla<*k  scales  with  metallic  luster,  which  is* 
probably  hy<lr()gen  pertelluride. — J.  (^hcm,  Soc^  xliii,  'il9,  323, 
H29,  June,  fssr;/  g.  f.  b. 

4.  0/f  the  Pri'fhiction  of  SuljJude^^  hy  Pressure. — Spring  has 
continued  his  researches  upon  the  ])roduction  of  chemical  ci»m- 
pounds  by  means  of  ]>ressure  and  has  now  given  the  results  of 
exposing  various  metals  mixe<l  with  snlj)hur,  both  finely  divided, 
to  a  pressure  of  0500  atmospheres.  Magnesium  alter  six  pressings, 
each  time  being  reduced  to  filings,  gave  a  homogeneous  gray 
mass  having  a  weak  metallic  luster.  Mixed  with  water  at  50°  or 
60°,  hydrogen   sulphide  was  evolved,  the  water  becoming  gold. 
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yellow  and  givine  a  precipitate  of  sulphur  on  the  addition  of  a 
drop  of  acid.     Zinc  after  three  pressings  gave  a  sulphide  resem- 
bling the  natural  blende,  which  dissolved  slowly  in  dilute  sul- 
phuric  acid  evolving  hydrogen  sulphide.     Iron  gave  after  four 
pressings  a  block  which  was  scarcely  touched  by  the  file  and 
which  appeared  homogeneous  under  the  microscope.     It  evolved 
steadily  H,S  with  sulphuric  acid.     When  heated  in  a  tube  no 
farther  reaction  took  place,  the  mass  slowly  melting.     Cadmium 
salphide  was  formed  easily  in  three  pressinirs,  the  mass  being 
homogeneous  and  yellowish  gray.     BiHmuth  sulphide  was  formed 
in  two  pressings,  lead  sulphide  still  more  easily.     Silver  required 
six  to  eisht  pressings  before  the  mass  became  homogeneous.     Cop- 
per yielded  the  sulphide  in  three  ])ressing8  and  so  also  did  tin. 
Antimony  gave  a  grayish  black  sulphide  in  two  priissings.     It 
had  the  luster  of  antimony  glance  and  dissolved  in  not  hydrogen 
chloride  with  the  evolution  of  H,S.     Aluminum  gave  an  imperfect 
result,  as  also  did  carbon.     Both  this  latter  body  and  red  phos- 
phorus formed  hard  blocks   when   pressed  witli  sulphur  which 
appeared  like  compounds  but  in  which  no  phosphorus  sulphide  or 
carboix  sulphide  could  be  detected.     From  these  results  Spring 
^raws  the  conclusion  that  allotropic  states  are  but  different  con- 
<«iition8  of  polymerization,  the  chemical  activity  decreasing  as  the 
process  goes  on. — lifer.  BerL  Chem.  Ges.^  xvi,  999,  May,  1883. 

G.  p.  B. 
6.    OjilDauble  Orthophoaphates  of  Barium, — Barium  hydrate, 
is  well  known,  is  quite  soluble  in  concentrated  solutions  of  the 
Ikali  silicates.     DkSchultrn  has  utilized  this  fact  in  the  prep- 
ration  of  the  double  orthophosphates  of  barium,  with  sodium  and 
Erith  potassium.     On  adding  a  solution  of  potassium  phosphate  to 
\  concentrated  solution  of  potassium  silicate  containing  barium 
lydrate,  no  change  is  at  first  observed  ;  but  on  agitating  strongly 
he  liquid  becomes  milky  and  deposits  microscopic  cubes.     To 
htain  larger  crystals,  the  silicate  solution  is  heated  to  boiling 
.^ind  a  second  silicate  solution,  containing  the  potassium  phosphate, 
^8  added.     On  cooling,  limpid  cubical  crystals  are  deposited.     Af- 
^ter  rapid  washing  in  cold  water  and  drying,  they  dissolve  easily 
in  dilute  hydrogen  chloride,  loavincj  a  residue  of  silica  amounting 
to  about  one  per  cent.     Considering  this  as  an  impurity,  analysis 
gives  the  formula  KBaPO^,  (H^O),^,  for  this  double  phosphate. 
The  crystals  effloresce  slightly  in  the  air  and  do  not  act  upon 
polarized  light.     By  substitutin<j:  scxlium  salts  for  those  of  potas- 
sium, sodio-barium  orthophosphate  is  obtained  in  regular  tetrahe- 
drons, which  are  efflorescent  and  contain  about  two  per  cent  of 
silica. — BiUl,  SocCh.^  II,  xxxix,  500,  May,  1883.  g.  f.  b. 

6.  (hi  Saponin, — Saponin  was  discovered  in  1800  by  Schrader 
in  the  root  of  iSapofiaria  rrtbra.  Stutz  has  submitted  it  to  a 
thorough  investigation  in  Geuther's  laboratory.  To  prepare  it 
ten  kilograms  of  the  bark  of  Quillaja  sapimaria  was  extracted 
with  water,  the  liquid  evaporated  to  a  thick  syrup,  dried  upon 
porcelain  plates,  pulverized,  extracted  with  boiling  alcohol,  the 
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extract  allowed  to  cool,  and  the  separated  flocks  filtered  off  and 
redissolved  in  hot  alcohol  and  a^ain  allowed  to  separate  on  cool- 
ing ;  the  process  being  repeated  till  the  deposited  saponin  was 
perfectly  white.  The  yield  was  200  grams.  As  thus  prepared, 
saponin  is  a  white  amorphous  powder,  neutral  in  reaction,  and 
when  absolutely  pure,  tasteless.  It  is  soluble  in  every  proportion 
in  water,  insoluble  in  absolute  alcohol  and  ether.  The  most  di- 
lute aqueous  solutions  froth  like  solutions  of  soap.  It  containg 
2 '4  per  cent  of  ash,  chiefly  potassium,  calcium  and  magnesium 
carbonates.  Analysis  led  lo  the  formula  C  H,^0,^.  By  adding 
barium  hydrate  to  its  a(}Ucous  solution,  a  precipitate  was  obtained 
having  the  formula  (C,,H,^OjJ„  Ba(OH),.  By  treatment  with 
acetic  oxide,  the  saponin  was  acetylized  giving  either  C  BL  (C. 
H,0),0,,  or  C,.I^L,(C,H,0)P,(OC,fl.O)„  according  to  the  time 
of  the  action.  From  these  reactions  the  author  concludes:  (1) 
that  the  formula  of  saponin  is  C^^H,„Oj^;  (1)  that  five  of  the  oxy- 
gen atoms  are  in  the  form  of  hydroxyl  and  two  in  that  of  com- 
bined oxygen  doubly  united  to  the  carbon.  Of  the  nature  of  the 
other  thre6  no  conclusion  can  be  drawn.  Hence  the  formula  may 
be  written  C,,Il3,(OH),0,.0,;  (3)  that  by  the  action  of  the  acetyl 
oxide,  the  five  hydroxyls  are  first  replaced  by  acetyl  and  subse- 
quently the  two  oxygon  atoms  successively,  are  made  linking  and 
unite  the  acetyls  to  the  carbon,  as  in  the  case  of  aldehyde  an 
ethylene  oxide. — Liebig^s  Ann,,  ccxviii,  231,  May,  1888.  g.  f.  b. 
7.  071  a  Nero  organic  acid  in  the  Juice  of  tlie  Beet  Root, 
VoN  LiPPMANN  has  examined  the  incrustations  formed  upon  th 
pans  in  which  beet  juice  is  evaporated.  Beside  citric,  aconitic^^ 
tricarballylic,  and  nialonic  acids,  he  has  now  isolated  a  new  acir^=^ 
which  was  obtained  by  fractional  solution  in  ether  and  evapor^^-j.' 
tion.  The  reKulting  syrup  after  standincr  two  years  became  ,j 
mass  of  needle-shaped  crystals,  soluble  in  water,  alcohol  and  eth-^^^ 


and  having  the  formula  Cil^),.     The  barium   salt  is  (CJI^O       \ 
JJaj,,  (H^O)^,  the  acid  being  tribasic.     This   acid   appears  to   "^J 
identical   with  the  oxycitric  acid  described  by   Pawolleck,  p  j:-^,. 
pared  from  chlorcitric  acid,  itself  obtained  from  aconitic  acid   \^p 
union  witli  hypochlorous  acid;  though  Pawolleck  could  not  K>Xh 
tain  liis  acid  crystallized  and  says  his  lime  salt  contains  nine  i;j. 
stead  of  ten  molecules  of  crystal  water.     The  author  gives  tfce 
following  rational  formulas  to  these  closelv  allied  acids: 


CH— COOH 
C— COOII 


^^COOII 


Acuuitic  ucl<l. 

CILO. 


cii,-~coon 
II 

'^COOII 

Tricarballylic  acid. 

r  11  o. 


CH— coon 

^,   on 

^^COOII 

H 
C^H 

COOII 

citric  acid. 


— Ber.  Jierl.  ('hem.  Hex.,  xvi,  1078,  May,  1883. 


CH,— COOU 

^^COOII 

C— OH 
COOH 

Oxycitric  addL 
G.  F.  B. 
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8.    On  the  Silicic  Ethers  of  the  Phenols.-^M  artivi  and  Webbb 
bave  called  attention  to  the  facility  with  which  the  silicic  ethers 
of  the  phenols  may  be  prepared  by  heating  silicon  tetrachloride 
with  on  excess  of  the  phenol.     In  this  way  they  have  obtained 
tetraphenyl  orthosilicate  Si(OCgHJ^  and  tetra-j^-cresyl  orthosili- 
cate  Si(OCJH,)^.     Both   of  these    bodies   may   be   distilled   un- 
changed.    The  phenyl  conapound  is  syrupy  when  cold,  and  be- 
comes slowly  crystalline.     The  paracresyi  ether  is  solid  from  the 
first  and  may  be  obtained  beautifully  crystallized.     The  authors 
propose  to  continue  their  researches   upon   these  ethers. — ^er. 
Berl  Chem.  Ges.,  xvi,  1252,  June,  1883.  g.  f.  b. 

II.  Geology  and  Mineralogy. 

L  Report  of  an  eaq)loration  of  parte  of  Wyoming^  Idaho  and 

Montana^  in.  August  and  September^  1882,  made  by  LietU.-Gen. 

P.  H.  Sheridan,  with  the  Itinerary  of  Col,  J.  F.  Gregory,  and 

a  Geological  and  botanical  R^ort  by  Surgeon  W.  H.  Forwood. 

— ^In  the  geological  report,  Surgeon  Forwood  gives  the  results  of 

observations  showing  that  changes  in  the  geyser  action  of  the 

Yellowstone  Park  are  in  progress,  and  new  geysers  making  at 

tiroes  their  appearance.     The  following  is  from  pp.  47,  48. 

**The  very  careful  observations  of  Dr.  Peale  in  1872  on  the 

frequency,  height,  duration,  etc.,  of  tht^  principal  geysers  in  the 

upper  basin,  show  no  perceptible  diminution  of  their  power,  as 

compared  with  the  performances  of  these  cjeysers  at  our  visits  in 

1881   and   1882.     The  Castle,  Bee-Hive,  Old  Faithful,  Saw-Mill 

and  Turban  Geysers  appear  to  perform  just  as  they  did  ten  years 

ago.     The  Grotto  Geyser  may  have  increased  a  little  in  frequency 

and  diminished  in  duration,  and  the  Grand  and  Giantess  have 

changed  somewhat  in  character  and  for  the  better,  as  will  be 

seen  by  the  following  notes. 

Grand  Geyser. — Dr.  Peale  records  the  following  observations 
in  1872: 

^ugtist  18. — One  continuous  eruption,  lasting  15  minutes. 
August  19. — One  continuous  eruption,  lasting  37  minutes. 
August  20. — A  succession  of  three  eruptions,  with  intervals  as 
follows:    First  eruption,    three   minutes;  interval,    six    minutes. 
Second  eruption,  lour   minutes;    interval,    ten   minutes.     Third 
eruption,  nine  minutes.     Total  time,  thirty-two. 

Messrs.  E.  S.  Dana  and  Grinnell  (Ludlow's  report)  observed, 

August,  1875,  a  succession  o^  five  eruptions,  with  short  intervals. 

Aug\ist  25,  1881. — There  was  a  succession  of  seven  eruptions, 

with  short  intervals,  one  to  three  minutes;  total  time  estimated, 

ihirty  to  forty  minutes;  and  on  the  same  day,  two  hours  later, 

the  same  performance  was  repeated. 

August  26. — A  succession  of  seven  eruptions,  as  before ;  not 
L     repeated  that  day. 
V        August    1&,    1882. —  (Reported    by    eye-witnesses.)       Geyser 

I        Am.  Jour.  Sci.— Third  Series,  Vol.  XXVI,  No.  158.— Sept.,  1883. 
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played  at  2  p.  m.,  and  a^ain  an  honr  later,  giving  a  fine  display 
of  seven  eruptions  each  time. 

August  20. — A  succession  of  seven  eruptions,  with  intervals 
substantially  same  as  last  year,  but  not  repeated. 

August  21. — Same  as  yesterday. 

It  appears,  then,  that  in  1872,  the  geyser  often  discharged  at  a 
single  eruption,  with  occasional  successions  of  as  many  as  three. 
In  1875  there  were  a  succession  of  five  eruptions,  and  in  1881 
and  1882  there  were  never  less  than^seven  observed,  and  these 
were  not  unfrequently  repeated  an  hour  or  two  later. 

Giantess  Oeyser, — In  1872,  as  recorded  by  Dr.  Peale  (Hayden's 
report,  p.  149),  there  were  three  eruptions  of  about  seventeen 
minutes  each,  at  intervals  of  three-quarters  of  an  hour. 

In  1 875,  as  observed  by  Dana  and  Grinnell,  the  performance 
was  as  follows:  After  some  preliminary  efforts,  during  which  a 
large  amount  of  water  was  thrown  out,  there  was  an  interval  of 
two  hours,  when  a  similar  disturbance  took  place,  and  two  hours 
later  the  geyser  played  to  a  great  height  for  about  an  hour,  after 
which  there  was  a  violent  escape  of  steam  for  an  hoar  or  more 
longer. 

In   1882,  as  observed  by  Mr.  John  Baronett,  the  geyser  begi 
August  6,  8  p.  M.,  and  played  twenty  feet  or  more  for  about  fi 
teen  minutes ;  then  followed  an  interval  of  about  the  same  timi 
then   it  played   twenty  tQ  fifty  feet,  with  occasional  sprays  up 
150  feet  for  three-quarters  of  an  hour,  followed  by  an  interval 
about  the  same  time.     Continued  to  play  with  intermissions 
same   way  up  to  midnight,  and  was  still  playing  in  morning  ai 
up  to  12  M.  August  7,  when  it  ceased,  and  the  crater  was  em] 
to  a  great  depth. 

Auii:u8t  13,  5.30  p.  M.,  it  began  with  a  rumbling  noise  and  si 
up  '  higher  than  Old   Faithful,'  and  then  varied  between  20  a 
150   feet  for  three-ciuarters  of  an  hour,  and  an  intermission 
about  the  same  time  followed.     Thus  the  eruptions  and  suspi 
sions,   about  three-quarters  of  an  hour  each,  continued  throuj^ 
out  tlie  13th,  14th,  and  up  to  9  o'clock  on  the  morning  of  the  15' 
when  action  ceased  and  tlie  crater  was  empty  as  before. 

A  new  geyser  of  the  first  class  appeared  about  three  years  aj^ 
in  place  of  some  hot  springs,  a  short  distance  west  of  the  Gia- 
called  the  Splendid,  and  well  deserves  the  title.     It  has  three  j< 
two  directed  obliquely  inward  and  one  vertical  in  the  center, 
plays  to  a  height  of  fifty  to  seventy-five  feet  once  in  about 
and  one-half  hours. 

The  Sheridan  Geyser  is  another  new  one,  situated  on  the 
Hole  River,  about  half  way  between  the  Upper  and  Lo*"  —i 
basins,  and  is  the  largest  in  the  park.  It  was  one  of  a  grou^'  j» 
hot  springs  designated  by  Dr.  Peale  as  the  'Half-way  Springts^  iV 
1872  (see  Hayden's  Report,  1872,  p.  147).  It  began  to  pla  f  a 
irregular  intervals,  and,  finally,  within  the  last  year,  settled  dm^iDwa 
to  a  constant  period  of  about  two  hours.  It  was  impossibL  ^  5/ 
our  hasty  visit  to  obtain  measurements  or  even  correct  estim  ^tee 
of  the  dimensions  of  the  crater,  owing  to  the  dense  cloudsr   of 
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steam  that  constantly  envelop  it  from  sight,  but  while  in  erup- 
tion the  column  appeared  to  be  about  200  feet  in  diameter  and 
rose  to  a  great  height,  accompanied  by  vibrations  of  the  surround- 
ing surface  and  the  throwing  out  of  rocks,  which  cover  the 
GHTOund  and  the  bed  of  the  river  for  a  hundred  yards  on  all  sides. 
Its  character  as  an  eruptive  geyser  was  first  pointed  out  by  the 
distinguished  mountaineer,  Mr.  John  Baronett,  who  named  it  in 
honor  of  General  Sheridan  in  1881." 

2.  R^ort  on  the  Thetmal  Springs  of  the  Yellowstone  NationcU 
Park  ;  by  A.  C.  Pealk.  From  the  12th  Annual  Report  (for  the 
year  1878)  of  the  U.  S.  Geological  and  Geographical  Survey 
under  Dr.  F.  V.  Hayden,  U.  S.  Geologist-in -Charge.  454  pp.  8vo, 
with  numerous  maps  and  plates. — This  Report  is  based  mainly 
on  observations  in  the  Park  made  in  the  year  1878.  But  it  in- 
cludes also  a  review  of  the  facts  connected  with  other  thermal 
springs  in  America,  and  with  those  of  foreign  countries.  The 
descriptions  of  the  springs  and  geysers  of  the  Park  make  Part  I 
of  the  volume  ;  and  they  are  accompanied  by  many  illustrations 
which  add  greatly  to  the  interest  and  value  of  the  Report. 
Part  II — covering  pp.  304-354 — treats  briefly  of  the  same  phenom- 
ena in  other  countries  and  other  parts  of  the  United  States,  and 
Part  III  discusses  the  general  subject  of  Thermo-hydrology,  and 
consists  largely  of  facts  and  views  presented  by  other  authors, 
but  with  a  reference  to  the  bearings  on  these  views  of  the  facts 
from  the  Yellowstone  Park.  This  valuable  Report  closes  with 
an  extended  bibliography,  or  list  of  papers  on  the  Park  and  on 
American  and  foreign  thermal  waters. 

The  following  notes  are  cited  from  its  pages.  The  total 
number  of  springs  in  the  Park  is  stated  to  be  about  3000,  and 
the  number  of  ascertained  geysers  62,  besides  9  that  are  men- 
tioned with  a  query.  The  following  throw  up  the  water  to  a 
height  of  200  feet,  or  beyond  :  the  Giant,  200 ;  Castle,  200  ; 
Grand,  200  ;  Giantess,  250,  and  Beehive,  230.  The  jet  of  Old 
Faithful  is  stated  at  150  feet. 

fiunsen's  theory  of-  the  action  of  geysers  is  accepted  (after  a 
consideration  of  other  views),  as  in  the  main  sufficient.  But 
there  are  differences  in  action  among  them  which  require  special 
explanation.  For  example,  in  Old  Faithful  and  Beehive,  the 
action  is  simple,  it  consisting  of  a  water  eruption  in  successive 
jet«  that  follow  each  other  rapidly,  without  a  succeeding  period 
of  steam  emission  ;  whereas  in  Castle  Geyser,  the  type  of 
another  class,  the  water  eruption  is  followed  by  a  steam  period 
of  considerable  length.  In  still  others,  under  each  of  these 
divisions,  the  water  period  is  broken  into  a  number  of  water 
ejections,  with  varying  intervals  of  minutes  or  hours,  while  the 
regular  interval  in  the  water  periods  is  a  day  to  several  days. 

The  amount  of  silica  found  on  analysis  by  Leffmann,  in 
waters  from  the  Yellowstone  Geyser  basins,  varied  from  63*76 
grains  in  an  Imperial  gallon  out  of  1 43*22  grains  of  solid  con- 
tents, to  3*36  grains  out  of  83*30  of  solid  contents  ;  the  former 
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at  the  Opal  spring  of  the  Gibbon  Basin,  the  latter  at  the  Mam- 
moth Hot  Springs.  The  water  from  the  Opal  spring,  on  concen- 
tration to  a  small  bulk  over  a  water  bath,  affords  a  gelatinous 
deposit  which  finally  dries  to  a  mass  of  pulveriilent  geyserite. 
Next  to  silica  the  most  abundant  material  is  sodium  chloride 
(common  salt)  which  at  the  Opal  spring  amounted  to  82*18 
grains  in  the  gallon,  while  calcium  salts  are  often  wholly  absent 
or  only  in  traces.  In  most  of  the  springs  a  deposition  of  silica 
does  not  take  place  on  cooling,  evaporation  being  necessary. 

Besides  the  ordinary  geyserite,  which  contain^  usually  9  to  13 
per  cent  of  water,  (and  the  Pealite  in  which  the  water  is  1  to  6 
per  cent),  an  unstable  variety  which,  when  still  moist,  makes  an 
mcrustation  looking  a  little  leathery,  but  dries  to  a  soft,  easily 
crumbling  mass,  is  named,  by  E.  Goldschmidt,  ViandiU.  The 
"steam-dry"  material  was  found  to  afford  about  75  per  cent 
of  water  to  20  of  silica  ;  but  the  describer  says  that  "  very 
probably  the  compound  possesses  no  stability." 

3.  On  the  cause  of  the  Glacial  Period ;  by  Seables  V.  Wood 
(Geol.  Mag.,  x,  July,  1883,  pp.  293-302). — The  general  conclusion 
of  this  paper  is  given  on  page  160.  The  following  is  a  notice  of 
the  author's  course  of  argument  prepared  for  this  Journal  by  Mr. 
W.  J.  McGee. 

In  this  memoir,  which  embodies  the  cosmologic  ideas  devel- 
oped during  his  extended  researches  in  the  Newer  Pliocene  of 
England,  Mr.  Wood  reiterates  and  accepts  as  fatal  to  the  eccen- 
tricity theory  the  correct  arguments  against  repeated  alternation 
of  cold  and  warm  intervals  during  the  Quaternary,  and  assails 
TyndalPs  dictum  that  general  terrestrial  refrigeration  could  not 
inaugurate  gLicial  conditions.  Also,  following  Dana  in  Amer- 
ica, he  siiows  that  the  traces  of  Quaternary  ice-extension  sustain 
a  definite  relation  to  present  preci^ntation  and  temperature  distri- 
bution ;  from  which  he  infers,  first^  that  tlie  assumption  of  a  polar 
ice-cap  is  an  error,  second^  that  all  theories  involving  considerable 
geographical  changes,  alterations  in  the  position  of  the  terrestrial 
axis,  or  variations  in  the  obliquity  of  the.  ecliptic,  are  alike  in- 
valid, and  third  (since  the  (tuH*  of  Mexico  in  its  present  condition 
is  the  cliief  vapor-source  of  eastern  North  America),  that  Croll's 
position  in  regard  to  the  Quaternary  diversion  of  the  Gulf  Stream 
feeders  is  untenable.  Tlie  prevailing  theories  thus  disposed  of, 
he  points  out  that  while  a  diminution  of  temperature  will  mate- 
rially rednce  the  rainfall,  it  may  not  reduce,  but  may  even  increase 
the  snowfall  and  annual  ice-accumulation,  and  cites  the  present 
considerable  ice-accumulation  in  Greenland,  despite  the  low  pre- 
cipitation there,  in  proof  of  the  soundness  of  his  view ;  from  which 
he  concludes  that  the  Quaternary  ice  was  probably  developed 
under  lower  temperatures  than  those  now  obtaining.  In  explana- 
tion of  the  assumed  cooling  of  the  earth  during  the  Glacial  period, 
he  adopts  the  chemical  theory  of  solar  energy  as  advocated  by 
Siemens  and  others,  assumes  that  the  heat-supplying  material  is 
irregularly  diffused  through  the  space  traversed  by  the  solar  sys- 
tem, and  supposes  that  solar  emission  is  hence  variable. 
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4.  Deep-sea  Magneaian  Limestone  Nbdtdes. — Prof.  Venill,  on 
page  447  of  tLe  last  volunre  of  this  Journal,  describes  nodules  or 
masses  of  limestone  from  a  few  inches  to  nearly  thirty  in  length, 
dredged  up  on  the  Gulf  Stream  in  depths  of  234  to  640  fathoms. 
Science  of  August  lOth  fives  an  analysis  of  one — a  hard,  compact 
kind,  sp.  gr.=2'73 — by  I^rof.  O.  D.  Allen,  as  follows:  lime  24*96 
per  cent,  magnesia  14*41,  iron  (estimated  as  protoxide)  2*00, 
insoluble  residue  (sand)  16*97,  phosphoric  acid  not  weighed.  It 
contained  minute  specks  of  pyrite. 

III.   Botany  and  Zoology. 

1.   Genera  Plantarum  ad  Mcemplaria  imprimis  in  herhariis 
Kewensibus  servata  definita.    Auctoribus  G.  Bentham  et  J.  D. 
HooKBR.     Londini:  Reeve  &  Co.     3  vols.  imp.  8vo.     1852-1883. 
— ^The  completion  of  this  great  work  marks  an  era  in  systematic 
botany.     As  the  senior  author  is  nearly  eighty-three  years  of  age, 
we  may  say  that,  essentially,  it  brings  to  a  worthy  close  the  long 
coarse  of  scienti^c  labors  of  the  most  accomplished,  sagacious, 
and  continuously  industrious  phytologist  of  our  day,  almost  the 
only  survivor  of  those  who  personally  knew  Autoine  Laurent  Jus- 
siea,  and  were  associated  with  the  elder  De  CandoUe;  one  whose 
line  of  authorship,  begun  in  the  year  1826  (antedated  only  by  that 
of  the  venerable  Roeper),  comes  down  to  the  present  year,  appar- 
ently in  almost  unabated  vigor,  and  is  as  remarkable  for  sustained 
importance  as  it  is   unparalleled   in   length.     Upon   the  junior 
author,  who  should  not  yet  feel  the  burden  of  years,  however 
weighted  with  official  cares,  and  upon  such  specialists  as  can  be 
mustered,  may  devolve  the  responsibility  of  sueh  addimenta  as 
may  be  needed  to  bring  the  earlier  volumes  up  to  the  date  of  the 
last,  and  even  to  supplement  the  work  from  time  to  time,  as  the 
"Genera  Plantarum"  of  Linnaeus  was  supplemented  by  successive 
editors.     But  it  is  not  probable  that  the  task  which  has  now  been 
happily  accomplished  will  be  undertaken  again,  still  less  executed, 
before  the  twentieth  century  is  well  entered  upon.     Usefnl  com- 
pilations we  may  expect,  and  monographs  which  may  here  and 
there  better  represent  advancing  knowledge  of  particular  groups; 
but  a  production  like  this,  covering  the  whole  field  of  phaBnogara- 
ou8  botany,  ordinally  and  generically,  and  with  the  uniformity  of 
tx*eatment  and  scale  thus  secured  by  two  close  associates  in  one 
Continuous  work,  cannot  be  looked  for  again  for  a  long  while. 

It  has  few  predecessors.  The  first  "Genera  Plantarum,"  in  fact 
j[ though  not  exactly  in  name),  was  that  of  Tournefort,  published 
in  the  year  1700.  Then  and  there,  as  Linnaeus  declared,  genera 
of  plants,  in  the  sense  of  scientific  botany,  were  first  established. 
iTiere  would  probably  be  more  recognition  of  this  dictum,  if  the 
t>resent  work  were  to  be  planned  anew,  and  the  genera  which 
XiinnsBus  himself  admitted  as  of  Tournefort,  along  with  those 
^^hich  modem  botanists  have  restored,  could  have  been  attributed 
Xo  this  real  founder,  withont  thereby  compromising  the  proper 
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position  to  hold  in  respeot  to  herbalistic  and  anoient  names.  The 
seoond  ^*  Genera  Plantamm^'  was  that  of  LinnsBus,  in  1737,  of 
which  the  last  edition  revised  by  the  author  himself  was  that  of 
1767.  The  third  was  that  of  jTussieu,  "secaudum  ordiues  natu- 
rales  disposita,''  which  appeared  in  the  year  1789.  That  of  End- 
licher — a  monument  of  literary  or  bibliographical  erudition  rather 
than  of  botanical  research — was  brought  out  in  the  main  between 
1886  and  1843,  at  about  the  same  time  with  the  more  unpretend- 
ing synoptical  compilation  of  Meisner.  These  were  important  in 
their  way.  But  the  **  Genera  Plantarum"  of  Bentham  and  Hooker, 
which  began  to  be  issued  in  the  year  1862  and  was  finished  in  the 
spring  of  the  present  year,  is  the  lineal  successor  of  the  three 
classical  works  above  mentioned,  that  of  Tournefort  representing 
the  botany  of  the  close  of  the  seventeenth  century ;  that  of  Lin- 
nsBus  the  first  half,  and  that  of  Jussieu  the  latter  part,  of  the 
eighteenth  century.  The  present  work — increased  from  the  one 
small  octavo  of  Lmnseus  to  three  thick  imperial  octavo  volumes 
of  nearly  1,200  pages  each — stands  in  like  relation  to  the  nine- 
teenth  century,  and  is  based,  like  them,  or  even  more  than  they, 
upon  actual  mvestigation,  and  upon  the  comparison  of  a  vastly 
greater  number  of  original  types  than  was  formerly  possible. 

Unlike  its  predecessors,  however — and  in  this  respect  agreeing 
with  the  other  great  botanical  work  of  the  century,  the  "Prodro- 
mus"  of  De  Candolle — the  whole  of  cryptogamic  botany  is  omit- 
ted.     This  vast  field  must  be  left  to  specialists.     Fries,  of  Upsala, 
who  died  a  few  years  ago,  at  a  ripe  old  age,  was  the  last  phaBno- 
garaic  botanist  who  was  at  the  same  time  master  of  one  or  two 
cryptogamic  orders ;  and  now  even  the  best  of  cryptogamists  can 
hardly  aspire  to  more  than  a  general  and  superficial  acquaintance 
with  any  other  department  than  the  one  to  which  he  devotes  him- 
self.    This  inevitable  state  of  things  has  its  disadvantages.    The 
reasons  for  it  do  not  really  apply  to  the  ferns  and  their  allies,  and 
it  was  naturally  expected,  as  it  is  much  to  be  desired,  that  these 
should  enter  into  the  present  work.     May  we  hope  that  this  still 
may  be  ? 

Some  idea  of  the  progressive  enlargenaent  of  the  field  may  be 
had  by  a  comparison  of  the  number  of  genera  characterized  in 
these  successive  w^orks.     The  phaenogamous  genera  of 

Linna-us,          "Gen.  PL,"  ed.  1,  A.  D.  1737,  were 887 

ed.  6,  A.  D.  1764,      ♦'    1,189 

JuBsieu,                      •'                    A.  D.  1789,      "    1,707 

Kndlicher,                   "                    A.  D.  1843,      "     (about) 6,400 

Bentham  &  Hooker,  "                    A.  D.  1883,      "    7,585 

If  the  last  had  been  elaborated  upon  the  scale  of  Endlicher,  or 
with  the  idea  of  genera  which  is  still  common  if  not  prevalent, 
the  number  of  genera  would  have  amounted  to  at  least  ten  thou- 
sand. An  estimate  of  tlie  number  of  known  species  of  each  genus 
and  higher  grouj)  has  been  made  tliroughout  the  work — a  rough 
approximation  only,  mentioning  first  the  number  in  the  books, 
and  the  number  to  which,  in  the  opinion  of  theauthore,  these  may 
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probably  be  redaced  by  botanists  who  adhere  to  the  Linnsean 
view  of  species ;  from  which  it  appears  that  upon  the  very  strict- 
est estimate  their  number,  as  now  known  to  botanists,  is  at  least 
95,620.    In  round  numbers,  it  may  fairly  be  said  that  about  100,000 
species  of  phsenogamous  plants  are  in  the  hands  of  botanists.     The 
five  largest  orders,  as  well  for  genera  as  for  species,  are  the  fol- 
lowing, and  in  this  rank:    Compositse,  Leguminosfle,  Orchideie, 
Hnbiflcese,  Gramineae.     The  high  standing  of  the  orchid  family  in 
the  list  will  be  a  surprise  to  many.     Linnaeus  knew  only  a  hun- 
dred species;  five  thousand  is  now  a  moderate  estimate — about 
half  as  many  as  there  are  of  ConipositaB,  which  hold  to  their  pro- 
portion of  one-tenth  of  the  whole.     In  both  families  every  country 
and  district  is  largely  peculiar  in  its  species  and  types.     The  far 
greater  prominence  of  Compositae  over  orchids  is  owing  to  the 
vast  number  of  individuals  in  the  former,  their  paucity  in  the 
latter. 

Those  who  desire  to  know  the  respective  parts  which  the  two 
anthors  have  taken  in  the  elaboration  of  the  '*  Genera  Plantarum^' 
may  be  referred  to  a  short  article  on  the  subject  in  a  recent  num- 
her  of  the  Journal  of  the  Linnean  Society  of  London.  Great 
thanks  from  all  botanists  are  due  to  them  both. — {Reprint  from 
th  Nation^  SvXy  19,  1883.)  a.  g. 

2.  Itinera  Principum  S,  Cohwrgi  are  published  in  princely 
style.  We  have  before  us  the  first  volume  of  the  Botany  of  the 
Travels  of  (I.)  The  Princes  Philip  and  Augustus  of  Saxe-Coburg- 
Gotha  round  the  world,  in  1872-73,  and  (4.)  The  Visit  to  Brazil 
of  the  Princes  Augustus  and  Ferdinand  in  1879.  Edited  by  Dr. 
E  Wawra  von  Fernsee,  and  published  at  Vienna  in  1883.  It  is 
an  imperial  quarto  volume  of  182  pages,  in  beautiful  typography, 
and  with  39  charming  lithographic  plates,  most  of  them  hand- 
colored.  The  plants  enumerated,  and  in  case  of  new  or  critical 
ones  described,  are  of  various  ordere  of  Dicotyledones  (but  Com- 
poait©  omitted  from  this  volume),  and  of  the  JBromeliaceoe  among 
the  Monocotyledon es.  To  this  order  special  attention  is  paid, 
and  twenty  of  the  plates  are  devoted  to  its  illustration.  The 
voyage  and  journey  round  the  world  was  by  way  of  New  York 
and  by  the  Central  Pacific  liailway  to  Utah  and  California,  in- 
cluding the  customary  visit  to  the  Yosemite  and  the  Big  Trees, 
thence  to  the  Sandwich  islands,  New  Zealand,  Australia,  Ceylon, 
alum  to  Japan,  thence  to  Java,  to  India,  Sui'Z,  and  so  to  Trieste. 
We  need  not  rehearse  the  itinerary  of  the  subsequent  Brazilian 
expedition.  A  second  volume  is  to  follow  the  first.  The  interest 
for  U8  centers  mainly  in  the  Bromeliacece  from  Brazil,  which  are 
treated  in  detail,  and  interesting  new  forms  figured ;  also  in  the 
small  collection  o{  North  American  plants,  picked  up  en  route 
across  the  Continent  and  in  California.  No  new  species  are  noted, 
hat  several  give  occasion  for  critical  remarks  or  descriptions,  a.  g. 

3.  Notice  Biographiqiie  ear  M,  Joseph  Decaisne^  par  Edouard 
Bornet. — ^This  very  interesting  and  appreciative  memorial  was 
printed  as  a  preface  to  the  Catalogue  of  the  Library  of  Professor 
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Decaisne,  but  is  reprinted  as  a  pamphlet  of  19  pages,  8vo.  It 
contains  considerable  information  which  we  had  not  elsewhere 
met  with,  and  is  a  worthy  tribute  to  the  memory  of  an  admirable 
man  and  eminent  botanist.  a.  g. 

IV.  Miscellaneous  Scientific  Intelligence. 

1.  Supplementary  note  on  the  BiafiopviUe  Meteorite.  —  Since 
the  publication  of  my  paper  relating  to  the  Bisbopville  and 
Waterville  meteorites  (this  Journal  for  July),  Professor  C.  U. 
Shepard,  Sen.,  has  callea  my  attention  to  a  foot  note  given  in  a 

aper  of  his  entitled  '*  Contributions  to  Mineralogy,"  and  pub- 
ished  at  Amherst,  Mass.,  in  1877. 

In  this  note  Professor  Shepard  claimed  that  his  ohladnite  had 
"  very  erroneously  been  confounded  with  bronzite;"  and  that  "it 
now  seems  probable  that  the  blue  substance  [iodolitej  was  some 
spontaneously  decomposable  compound  of  S  with  other  elements 
of  the  stone.  The  same  may  have  been  the  case  with  the  yellow 
mineral  [apatoid]  therein  detected."  m.  e.  w. 

Cambridge,  Mass.,  Julj  2H,  1883. 

2.  Lectures  delivered  [free]  to  the  employes  of  the  JBaUimm 
and  Ohio  Railroad  Company ;  by  Professor  H.  Nbwbll  Mab- 
TIN  and  Dre.  Henry  Sew  all,  Wm.  T.  Sedgwick  and  Wm.  K. 
Brooks,  of  the  Johns  Hopkins  University.  98  pp.  8vo.  Balti- 
more, 1882.— These  four  lectures  are  thorough,  in  their  scientific 
character  and,  at  the  same  time,  well  adapted  by  clearness  in  style 
and  illustration  to  the  audience  to  which  they  were  delivered.  A 
more  scientific  audience  misjjht  have  profited  by  them.  The  sub- 
jects are:  How  skulls  and  backbones  are  built;  How  we  move; 
On  Fermentation  ;  Some  curious  kinds  of  Animal  locorootioD. 
The  pamphlet  was  printed  at  the  expense  of  President  John  W. 
Garrett,  of  the  Railroad  Company,  for  free  distribution  amonj 
the  employe's  of  the  road,  and  "copies  can -be  secured  by  written 
or  personal  application  at  the  President's  office  in  Baltimore." 

3.  The  Iroquois  Book  of  Rite^^,  Edited  by  Horatto  Halb, 
M.A.,  author  of  the  Ethnography  and  Philology  of  the  Wilkes 
U.  S.  Exploring  Expedition,  etc.  222  pp.  8vo.  Philadelphia, 
1883  (I).  G.  Brinton). — This  important  contribution  to  American 
history  before  the  time  of  Columbus,  and  to  the  science  of  human 
progress,  is  by  a  man  of  wide  learning  and  careful  research,  after 
special  investigations  among  the  Indians  of  the  Iroquois  tribe  at 
the  reservations  in  Canada  and  New  York.  It  constitutes  voL  ii 
of  the  ''Library  of  Aboriginal  American  Literature." 

4.  The  meeting  of  the  American  Association  opened  on  Wednes- 
day, the  loth  of  August.  As  the  sessions  are  still  in  progress 
while  these  pages  are  printing,  a  notice  of  its  proceedings  is 
necessarily  deferred. 

Memoir  of  I^mis  Agassiz,  by  Arnold  Guyot.  50  pp.  8?o,  1883.  Read  before 
the  National  Academy  of  Sciences. — An  admirable  memoir  by  one  who  was  a 
companion  of  Professor  Agassiz  from  his  childhood,  in  ttie  Neufchatel  Univeraty, 
and  in  the  decision  to  leave  the  University  and  Switzerland  for  the  freer  land  d 
America. 
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Abt.  XXIX. — On  some  controverted  points  in  Geological 
Climatology:  a  reply  to  Professor  Newcomh^  Mr.  HiU 
end  others;  oy  James  Croll,  LL.D.,  F.R.S. 

Nineteen  yetirs  ago  the  theory  was  advanced  that  the  Glacial 

^I>och  was  the  result  of  a  combination  of  physical   agents 

V>irought  into  operation  by  an  increase  in  the  eccentricity  of 

tlxe  earth's  orbit.      Few  or  no  objections  have  been  urged 

^l^ainst  what  may  be   called  the   astronomical  part   of  the 

tl^eory.     But  the  portions  relating  to  these  physical  agencies, 

'^'licn  is  by  far  the  most  important  part,  have  from  time  to 

^^ine  met  with  considerable  opposition.     Considering  the  new- 

'^^fBs  of  the  subject,  and  the  complex  nature  of  many  of  these 

J^^i^mbinations  of  pn^sical  agencies,  it  would  not  be  surprising 

^^  some  of  the  original  deductions  in  regard  to  them  proved 

^^^Troneous.     But  aner  long  and  careful  re-consideration  of  the 

hole  matter  I  have  not  found  reason  to  abandon  any  of  them 

'  alter  them  to  any  material  extent. 

The  only  class  of  objections  urged  against  the  theory  which 

have  as  yet  considered  at  length  are  those  relating  to  the 

"^2^use  of  ocean  currents,  and  their  influence  on  the  distribu- 

'^ion  of  heat  over  the  globe;  and  I  think,  it  will  be  admitted 

"^liat  the  views  which  I  have  advocated  on  these  points  are 

ow  bein^  pretty  generally  accepted. 

But  it  18  in  reference  to  the  influence  of  aqueous  vapor,  fogs 

nd  clouds  on  the  production  and  preservation  of  snow  that 

he  greatest  diversity  of  opinion  has  prevailed.     The  object  of 

he  present  article  is  to  examine  at  some  length  the  principal 

Am.  Joub.  Scl— Third  Sbbies,  Vol.  XXV^I,  No.  154— Oct.  1883. 
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objections  which  have  been  advanced  in  regard  to  this  part  of 
the  inquiry.  I  shall  also  take  the  present  opportunity  of 
discussing  more  fully  some  points  on  which  I  have  been  sonie- 
times  misunderstood,  and  which  appear  to  have  been  treated 
rather  too  briefly  on  former  occasions. 

In  the  American  Journal  of  Science  for  April,  1876,  Pro- 
fessor Newcomb  has  done  me  the  honor  to  review  at  some 
length  my  work,  *  Climate  and  Time.'  And  as  his  article  is 
mainly  devoted  to  a  criticism  of  my  reasoning  in  regard  to 
those  very  points  to  which  I  refer,  I  shall  begin  with  an  exam- 
ination  of  his  objections.  One  reason  for  entering  at  some 
length  intQ  an  examination  of  Professor  NewcomVs  objections 
is  the  fact  that  they  embrace  to  a  large  extent  those  which 
have  been  urged  by  reviewers  in  Great  Britain.  Some  of  his 
objections,  however,  as  will  be  seen,  are  based  upon  a  misap- 
prehension of  my  reasoning. 

Temperature  of  Space. — One  of  the  most  important  factors 
in  the  theory  of  geological  climate  resulting  from  changes  in 
the  eccentricity  of  the  earth's  orbit  is  obviously  the  tempera- 
ture of  stellar  space.  Unless  we  have,  at  least,  some  rough 
idea  of  the  proportion  which  the  heat  derived  from  the  stars 
bears  to  that  derived  from  the  sun,  we  can  not  form  any  esti- 
mate of  how  much  the  temperature  of  our  earth  would  be  low- 
ered  or  raised  by  a  given  decrease  or  increase  of  the  sun's  dis- 
tance. 

The  question  of  the  tem|>erature  of  space  has  been  investi- 
gated in  different  ways  by  Pouillet  and  Herschel ;  and  the 
result  arrived  at  was  that  space  has  a  temperature  of  — 239*F., 
or  an  absolute  temperature  of  222°.  The  mean  absolute  tem- 
perature of  our  earth  is  about  521°.  Consequently,  according 
to  these  results,  the  heat  received  from  the  stars  is  to  that 
received  from  the  sun  as  222  to  299.  All  my  determinations 
of  the  change  of  temperature  due  to  changes  in  the  sun's  dis- 
tance were  computed  on  these  data,  although  I  believe,  for  j 
reasons  stated,  that  space  must  have  a  much  lower  tempera- 
ture. Recent  observations  of  Professor  Langley  made  during 
the  Mount  Whitney  Expedition  confirm  the  correctness  of  my 
bt^lief. 

Prolessor  Xewconib,  however,  whollv  ij^nores  all  that  has 
been  done  on  that  subject,  for  he  commences  his  review  by  the 
stiitement  that  *' piacticallv  there  is  but  one  source  from  which  , 
the   surface  of  the  earth  rt^ceives  heat — the    sun,    since  the 
quantity  n:*ceived  from  all  other  sources  is  quite  insignificant  ! 
in  comparison." 

Surely  Pn)fes!>or  Newcomb  must  have  forgotten  all  about 
the  resean.'hes  of  Pouillet  and  Herschel  into  what  has  been 
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termed  the  *  Temperature  of  Space/  or  he  could  not  have 
Gifl&rmed  so  positively  that  "  practically  there  is  but  one  source 
firora  which  the  earth  receives  heat,  and  that  all  other  sources  are 
quite  insignificant  '*  without,  at  least,  giving  some  reason  for 
the  assertion. 

I  am  pleased  to  find  that  he  agrees,  in  the  main,  with  what 
has  been  advanced  in  '  Climate  and  Time,'  in  reference  to  the 
heating  power  of  ocean  currents,  and  also  as  to  their  existence 
being  due  to  the  impulse  of  the  winds.  But  he  differs  widely 
firom  me  in  regard  to  the  heat  conveyed  by  aerial  currents. 

On  the  Heat  conveyed  by  Aerial  Currents. — I  stated  that 
the  quantity  of  heat  conveyed  from  equatorial  to  high  tempe- 
rate and  polar  regions  is  trifling  in  comparison  with  that  con- 
veyed by  ocean  currents.     For  the  heated  air  rising  oflf  the  hot 
ground  of  the  equator,  after  ascending  a  few  miles  becomes 
exposed  to  the  intense  cold  of  the  upper  regions,  and  having  to* 
travel  polewards  for  thousands  of  miles  in  those  regions,  it 
loses  nearly  all  the  heat  which  it  brought  from  the  equator 
before  it  can  possibly  reach  high  latitudes.     To  this  Professor 
Newcomb  objects  as  follows  :  "  He  (Mr.  Croll),  speaks  of  the 
hot  air  riding  from  the  earth  and  becoming  exposed  to  the 
intense  cold  of  the   upper  regions  of  the  atmosphere.     But 
what  can  ^this  cold  be  out  the  coldness  of  ihe  very  adr  itself 
which  has  been  rising  up  ?     If  the  warm  air  rises  up  into  the 
cold  air,  and  becomes  cooled  by  contact  with  the  latter,  the 
latter  must  become  warm  by  the  very  heat  which  the  former 
loses,  and  if  there  is  a  continuous  rising  current  the  whole 
region  must  take  the  natural  temperature  of  the  rising  air. 
This  temperature  is,  indeed,  much  below  that  which  maintains 
at  the  surface  for  the  simph  reason  that  air  becomes  cold  by 
esipansion  according  to  a  defintte  and  well-known  law.     Hav- 
ing thus  got  his  rising  current  constantly  cooled  oft*  by  conta^ 
wtth  the  cold  adr  of  the  upper  regions,  it  has  to  pass  on  its 
journey  towards  the  poles,"  etc.,  p.  267.* 

Here  the  cooling  of  the  ascending  air  is  attributed  to  two 
causes  (1)  the  heat  lost  by  expansion  as  the  air  rises  ;   (2)  the 
heat  lost  by  contact  with   the  colder  air  through  which  the 
ascending  air  passes  and  with  which  it  mixes  in  the  upper 
regions.     But  the  two  may  be  resolved  into  one,  viz  :  the  heat 
lost  by  expansion  ;  for  the  cold  air  to  which  the  ascending  air 
communicates  its  heat  by  contact,  is  assumed  to  have  origi- 
nally derived  its  cold,  in  like  manner  from  expansion.     This 
is  evident,  for  although  he  recognizes  the  effect  of  radiation 
into  space,  he  assumes  that  this  loss  is  compensated  by  coun- 
ter radiation.     The  upper  regions  are,  he  says,  exposed  to  the 

♦  The  italics  are  mine. 
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radiation  of  the  sun  on  the  one  side,  and  of  the  earth's  lower 
atmosphere  on  the  other,  and  there  is  no  prool  that  these  do 
not  equal  the  surface  temperature.  And  again,  when  the  air 
descends  in  high  latitudes  to  the  earth's  surface  an  amount  of 
heat  will  be  evolved  by  compression  equal  to  that  which  it  lost 
when  it  rose  from  the  equator. 

Professor  Newcomb  has  misapi)rehended  not  only  my  mean- 
ing, but  also  the  chief  reason  why  the  air  in  the  upper  regions 
is  80  intensely  cold.     Any  one  who  has  read  what  I  nave 
stated  in  pp.  35-40,  ^  Climate  and  Time,'  regarding  the  tem- 
perature of  space  will  readily  understand  what  I  mean  by  the 
temperature  of  the  upper  regions.     By  the   temperature  of 
stellar  space,  it  is  not  meant  that  space  itself  is  a  something 
possessed  of  a  given  temperature,  say  —239"^  F.     It  simply 
means  the  temperature  to  which  a  body  would  fall  were  it 
•  exposed  to  no  other  source  of  heat  than  that  of  radiation  fixMn 
the  stars.     By  the  temperature  of  the  upper  regions,  I  mean 
the  temperature  to  which  air  in  those  regions  sinks  in  conse- 
quence of  loss  from  radiation  into  space.     It  is  mainly  to  this 
cause,  and  not  to  the  loss  from  expansion,  as  Professor  New- 
comb  assumes,  that  the  intense  cold  of  the  upper  "air  is  dua 
The  air  in  that  region  has  got  beyond  the  screen  which  pro- 
tected it  when  at  the  earth's  surface,  and  it  then  throws  off  its 
heat  into  space  during  twelve  hours  of  night,  getting  no  return 
from  without  except  from  the  radiation  of  the  stars.     And  even 
at  noon-day,  as  I  have  endeavored  to  show  in  Appendix,  p. 
551,  the  rays  ot  a  burning  sun  over  head  would  not  be  suffi- 
cient to  raise  the  temperature  of  the  air  up  to  the  freezing 
point.     But  th(^  recent  observations  of  Professor  Langley  prove 
that  the  loss  of  heat  from  radiation  is  in  reality  far  greater 
than  I  had  anticipated.     He  sats  :  ^*  The  original  observations, 
which  will  be  given  at  length,  lead  to  the  conclusion  that  in 
the  absence  of  an  atmosphere  the  earth's  temperature  of  insola- 
tion would  at  any  rate  fall  below   —  50°  F.,  by  which  it  is 
meant  that,  for  instance,  mercury  would  remain  a  solid  under 
the  vertical  rays  of  a  tropical  sun  were  radiation  into  space 
wholly  unchecked,  or  even  if,  the  atmosphere  existing,  it  let 
radiations  of  all  wave-lengths  pass  out  as  easily  as  they  come 
in.-—*  yature;  Aug.  3d,  1882. 

The  temperature  of  the  upper  atmosphere,  even  after  mak- 
ing allowance  for  heat  received  from  below,  must  in  this  case 
be  at  least  nearly  80  degrees  below  the  freezing  point.  The 
quantity  of  lieat  lost  by  expansion  must,  therefore,  be  trifling 
compared  with  that  lost  by  radiation  ;  and  although  the  heal 
lost  by  exj)ansion  is  fully  restored  by  compression,  yet  the  air 
would  reach  the  earth  deprived  almost  entirely  of  the  heat  witli 
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which  it  left  the  equator.  All  that  it  could  possibly  ^ve  back 
irould  simply  be  the  heat  of  compression,  and  this  would 
bardly  be  sufficient  to  raise  air  at  —50°  F.  to  the  freezing 
point.  How  then  can  the  polar  regions  be  greatly  the  better 
)f  air  from  the  equatorial  regions  ?  Professor  Newcomb  says  : 
^  If  the  upper  current  be  as  great  as  is  commonly  supposed,  it 
nust  be  as  powerful  as  ocean  currents  in  tending  to  equalize 
lie  temperature  of  the  globe."     How  can  this  be  .'^ 

Why  the  niean  tenwerature  of  the  Ocean  shovid  he  greater 
'Aon  that  of  the  Jbcind, — "Another  proposition,"  he  says, 
*  which  the  author  attempts  to  prove,  reasoning  which  seems 
equally  inconclusive,  is  that  the  mean  temperature  of  the  ocean 
fl  greater  than  that  of  the  land  over  the  entire  globe."  I  cer- 
^inly  never  attempted  to  prove  that  the  mean  temperature 
)f  the  ocean  is  greater  than  that  of  the  land  over  the  entire 
;]obe.  The  very  chapter  to  which  he  here  refers,  and  which 
ae  is  about  to  criticise,  was  written  to  explain  why  the  mean 
temperature  of  the  southern  or  water  hemisphere  is  less  than 
ihat  of  the  northern  or  land  hemisphere.  What  1  attempted 
o  prove  was,  not  that  the  mean  temperature  of  the  ocean 
B  greater  than  that  of  the  land,  but  that  were  it  not  for 
ertain  causes  the  mean  temperature  of  the  ocean  ought  to  be 
ireater  than  that  of  the  land  in  equatorial  regions  as  well  as 
Q  temperate  and  arctic  regions.  In  other  words,  the  object  of 
he  chapter  is  to  prove  that  the  mean  temperature  of  the 
outhenf  or  water  hemisphere  is  less  than  that  of  the  northern 
r  land  hemisphere,  not,  as  is  generally  supposed,  because  the 
3rmer  is  mainly  water  and  the  latter  land,  but  because  of  the 
normous  amount  of  heat  transferred  from  the  former  to  the 
itter  hemisphere  by  means  of  ocean  currents  ;  and  that  were 
t  not  for  this  transference  the  temperature  of  the  water  would 
rceed  that  of  the  land  hemisphere.  And  it  is  in  order  to 
jTOve  this  that  the  "  four  a  priori  reasons  "  which  Professor 
lewcomb  criticises  were  adduced.  The  first  of  these  is  as 
bllows  — 

FiTBt. — *  The  ground  stores  up  beat  only  by  the  slow  process  of 
londaotion,  whereas  water,  by  the  mobility  of  its  particles  and  its 
ransparency  for  heat-rays,  especially  those  from  toe  sun,  becomes 
leated  to  a  considerable  depth  rapidly.  The  quantity  of  heat 
(tored  up  in  the  ground  is  thus  comparatively  small,  while  the 
quantity  stored  up  in  the.  ocean  is  great.'* 

These  sentences  are  considered  unworthy  of  criticism.  Are 
they  really  so  unworthy  ?  Let  us  examine  them  a  little  more 
dosely.     It  is  in  consequence  of  the  sun's  rays  being  able  to 


♦  •  Climate  and  Time,'  p.  90. 
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penetrate  to  a  great  depth  that  the  amount  of  heat  jstored  up 
by  the  ocean  is  so  great,  and  it  is  to  this  store  that  its  warmth 
during  winter  is  mainly  due.  The  water  is  diathermanous  for 
the  rays  of  the  sun,  but  it  is  not  so,  for  reasons  well  knowo, 
for  the  rays  of  water  itself.  The  upper  layers  of  the  ocean 
will  allow  a  larger  portion  of  the  radiation  from  the  sun  to 

{)ass  freely  downward,  but  they  will  not  allow  radiation  from  the 
ayers  underneath  to  pass  freely  upwards.     These  upper  layers, 
like  the  glass  of  a  green-house,  act  as  a  trap  to  the  sun's  rays, 
and  thus  allow  the  water  of  the  ocean  to  stand  at  a  higher  tem- 
perature than  it  would  otherwise  do.     Again,  the  slowness  with 
which  the  ocean  thus  parts  with  its  heat  enables  it  to  maintain 
that  comparatively  high  temperature  during  the  long  winter 
months.     And  again,  it  is  to  the  mobility  of  the  particles  of 
water,  the  depth  to  which  the  heat  penetrates,  and  the  rapidity 
with  which  it  is  absorbed,  that  those  great  currents  of  warm 
water  become  possible.     Were  the  waters  of  the  ocean  like  the 
land  not  mobile,  and  were  only  a  few  inches  at  the  surface 
reached  by.  heat  from  tne  sun,  there  could  be  no  Q-ulf  Stream, 
or  any  great  transference  of  heat  from  the  Southern  to  the 
Northern  hemisphere,  or  from  equatorial  to  temperate  and 
polar  regions,  by  means  of  oceanic  circulation.  \ 

Second. — *The  air  is  probably  heated  more  rapidly  by  contact 
with  the  ground  than  with  the  ocean ;  but,  on  the  other  hand,  it 
is  heated  far  more  rapidly  by  radiation  from  tlie  ocean  than  from 
the  land.  The  aqueous  vapor  of  the  air  is  to  a  great  ex*tent  dia- 
thermanous to  radiation  from  the  crround,  while  it  absorbs  the  rays 
from  water  and  thns  becomes  heated.' 

To   this  Professor  Newcomb  objects  as  follows:  "If  then 
the  air  is  really  heated  by  contact  with  the  ground  more  rap-     . 
idly  than  by  contact  with   the  ocean,  it  can  only  be  because 
the  ground  is  hotter  than  the  ocean,  which  is  directly  contrary 
to  the  theory  Mr.  Croll  is  maintaining."     What  I  maintained 
was  that  were  it  not  for  certain  causes  the  mean  annual  tem- 
perature of  the  ocean  would  be  higher  than  that  of  the  land. 
During  the  day  and  also  during  the  summer  the  surface  of  the 
ground  is  hotter  than   that  of  the   ocean  ;    and   the  air,  of 
course,  will  be  heated  more  rapidly  by  contact  with  the  former 
than  with  the  latter.     But  this  does  not  prove  that  the  air  is 
not  more  rapidly  heated  by  radiation  from  the  ocean  than  from 
the  land.     Professor  Newcomb  says  :  "The  statement  that  the 
aqueous  vapor  of  the  air  is  diathermanous  to  radiation  from 
land,  but  not  to  that  from  water,  is  quite  new  to  us,  and  very 
surprising."     I  am  surprised  that  he  is  not  acquainted  with 
the  fact,  and  also  with  its  physical  explanation.     This  'will 
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Blp  to  accouDt  for  his  inability  to  perceive  how  radiation  from 
18  ocean  may  heat  the  air  more  rapidly  than  radiation  from 
le  land,  even  though  the  surface  of  the  latter  may  be  at  a 
isfher  temperature  than  that  of  the  former. 
He  says :  "  The  rapidity  with  which  the  heating  process 
;oe8  on  depends  on  the  difference  of  temperature,  no  matter 
whether  the  heat  passes  by  conduction  or  by  radiation."  This 
itatement  will  hardly  harmonize  with  recent  researches  into 
-adiant  heat.  It  is  found  that  the  rapidity  with  which  a  body 
8  heated  by  radiation  depends  upon  the  absorbing  power  of  the 
body;  and  the  absorbing  power  ^ain  depends  upon  the  quality 
}f  the  heat  rays.  Professor  Tyndall,  for  example,  found  that 
in  the  case  of  vapors,  as  a  rule,  absorption  diminishes  as  the 
temperature  rises.  With  a  platinum  spiral  heated  till  it  was 
barely  visible,  the  absorption  of  the  vapor  of  bisulphide  of  car- 
bon was  6*5,  but  when  the  spiral  was  raised  to  a  white  heat,  the 
absorption  was  reduced  to  2*9.  A  similar  result  took  place  in 
the  case  of  chloroform,  formic  ether,  acetic  ether,  and  other 
vapors.     The  physical  cause  of  this  is  well  known. 

If  the  aqueous  vapor  of  the  air,  he  says,  be  more  diatherma-* 
nous  to  radiation  from  land  than  from  water,  as  I  have  stated, 
then  I  assigned  directly  contrary  effects  to  the  same  cause. 
For,  "  reasoning  as  in  (1)  he,  Mr.  Croll,  would  have  said  that 
the  air  over  the  land,  owing  to  its  transparency  for  the  heat 
rays  from  the  land,  becomes  heated  to  a  greater  height  rapidly, 
while  the  air  over  the  ocean  not  being  transparent,  can  acquire 
heat  from  the  ocean  only  by  the  slow  process  of  convection.'* 
I  would  have  said  no  such  thing.  Badiation  from  the  surface 
of  the  land  will,  no  doubt,  penetrate  more  freely  through  the 
aqneous  vapor  than  radiation  from  the  ocean,  but  the  aqueous 
vapor  will  not  absorb  the  radiation  of  the  land  so  rapidly  as 
(hat  of  the  ocean,  for  the  ocean  gives  off  that  quality  of  rays 
which  aqueous  vapor  absorbs  most  rapidly.  ^ 

This  is  not  in  opposition  to  what  I  have  stated  in  reason  (1), 
for  if  the  ground  were  transparent  to  the  sun's  rays  like 
water,  evidently  the  total  quantity  of  heat  absorbed  by  it 
would  be  greater  than  that  by  the  ocean.  But  radiation  froin 
the  sun  heats  only  the  surface  of  the  ground,  all  below  the 
surface  depends  for  its  supply  on  the  slow  process  of  conduc- 
tion, whereas  the  ocean  is  heated  by  direct  radiation  to  great 
lepths.  Consequently  the  total  quantity  of  heat  absorbed  by 
he  ocean,  say  per  square  mile,  in  a  given  time,  is  greater  than 
hat  by  the  land. 
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Third. — ^The  air  radiates  baok  a  considerable  portion  of  its 
heat,  and  the  ocean  absorbs,  this  radiation  from  the  air  more 
readily  than  the  ground  does.  The  ocean  will  not  reflect  the  heat 
from  the  aqueous  vapor  of  the  air,  but  absorbs  it,  while  the 
ground  does  the  opposite.  Radiation  from  the  air^  therefore, 
tends  more  readily  to  heat  the  ocean  than  it  doe#  the  land.' 

"Here  we  have,"  he  says,  *Hhe  air  giving  back   to  the 
ocean  the  same  heat  which  it  absorbs  from  it,  and  thus  heat- 
ing it,"     If  Professor  Newcomb  means  by  this  same  heat  the 
same  amount  of  heat,  then  I  believe  in  no  such  thing.     But  if 
his  meaning  be  that  here  we  have  the  air  giving  back  to  the 
ocean  a  quantity  of  the  heat  which  it  absorbed  from  it,  then 
he  is  certainly  correct  in  supposing  that  this  is  affirmed  by  me. 
But  this  is  a  conclusion  which  no  physicist  could  for  a  moment 
doubt.     To  deny  this  would  be  to  contradict  Prevost's  well- 
known  theojy  of  exchanges.     Did  the  air  throw  back  to  the 
ocean  none  of  the  heat  which  it  derives  from  it  the  entire 
waters  of  the  ocean  would  soon  become  solid  ice.     In  fact,  as 
we  have  seen,  mercury  would  not  remain  fluid  and  every  living 
thing  on  the  face  of  the  globe  would  perish. 

He  states  that  reason  fourth  seems  to  be  little  more  than  a 
repetition  of  reason  second  in  a  different  form.  It  is,  however, 
much  more  than  that.  It  is  a  demonstration  that  wore  it  not 
for  the  causes  to  which  I  have  alluded  the  mean  temperature 
of  the  water  hemisphere  ought  to  be  higher  than  that  of  the 
land  hemisphere,  and  for  this  reason  I  shall  here  give  the  sec- 
tion in  full. 

Fourth. — '  The  aqueous  vapor  of  the  air  acts  as  a  screen  to  pre- 
vent the  loss  by  radiation  from  water,  while  it  allows  radiation 
from  the  ground  to  pass  more  freely  into  space ;  the  atmosphere 
over  the  ocean  consequently  throws  back  a  greater   amount  of 
heat  than  is  thrown  back  by  the  atmosphere  over  the  land.    The 
sea  in  this  case  has  a  much  greater  difficulty  than  the  land  basin 
getting  quit  of  the  heat  received  from  the  sun  ;  in  other  words, 
the  land  tends  to  lose  its  heat  more  rapidly  than  the  sea.    The 
consequence  of  all  these  circumstances   is  that   the  ocean  must 
stand  at  a  higher  mean  temperature  than  the  land.     A  state  of 
equilibrium  is  never  gained  until  the  rate  at  which  a  body  is 
receiving  heat  is  equal  to  the  rate  at  which  it  is  losing  it;  but  as 
equal  surfaces  of  sea  and  land  receive  from  the  sun  the  same 
amount  of  heat,  it  therefore  follows  that  in  order  that  the  sea 
may  get  quit  of  its  heat  as  rapidly  as  the  land,  it  must  stofid  (U  a 
higher  temperature  than  the  land.     The  temperature  of  the  sea 
must  continue  to  rise  till   the  amount  of   heat  thrown  off  into 
space   equals  that  received  from  the   sun ;    when    this   point  is 
reached  equilibrium  is  established  and  the  temperature  remains 
stationary.     But,  owing  to  the  greater  difficulty  that  the  sea  has 
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in  getting  rid  of  itA  heat,  the  mean  temperature  of  equilibrium  of 
the  oc^an  must  be  higher  than  that  of  the  land ;  consequently 
the  mean  temperature  of  the  ocean,  and  also  of  the  air  imme- 
diately over  it,  in  tropical  regions  should  be  higher  than  the  mean 
temperature  of  the  land  and  the  air  over  it' 

Since  the  publication  of  '  Climate  and  Time/  the  accuracy 
of  this  concmsion  has  been  confirmed  in  a  remarkable  manner 
from  recent  researches  on  the  actual  mean  temperature  of  the 
two  hemispheres,  the  details  of  which  have  been  given  by  Mr. 
Ferrel  in  his  *  Meteorological  Researches/  Washington,  1877. 
It  is  found  that  the  mean  temperature  of  the  northern  or  land 
hemisphere  is  higher  than  that  of  the  southern  or  water  hemis- 

1)here  up  only  to  about  latitude  35^,  and  that  beyond  this 
atitnde  the  mean  temperature  of  the  water  hemisphere  is  the 
greater  of  the  two.  At  latitude  40°  the  mean  temperature  of 
the  southern  hemisphere  is  1°*4  higher  than  that  of  the  same 
parallel  on  the  northern  hemisphere.  At  latitude  50°  the 
difference  amounts  to  4° '4,  while  at  latitude  60°  the  mean  tem- 
perature of  the  southern  hemisphere  is  actually  6°  higher  than 
that  of  the  northern  on  the  same  parallel.  The  mean  tem- 
peratures of  the  two  hemispheres  are  as  follows  : 

Lat,  0'  10*         20°        30''        40'       60"       60'        70*^       80' 

Northeni,      80°-l      srO      77°-6     67'-6     66''-6    43''-4     29"-3     14"-4    A^'b 

Soutlem,       SO'l      78'-7      74°-7     66"'7     67' 9    47°-8     Zb^'Z     

« 

From  the  above  table  we  see  that  it  is  only  in  that  area. 
lying  between  the  equator  and  latitude  35°  that  the  southern 
hemisphere  has  a  lower  mean  temperature  than  the  northern. 
'  But  it  is  from  this  area  that  the  enormous  amount  of  heat 
transferred  to  the  northern  hemisphere  is  mainly  derived. 
Were  the  transference  of  heat  to  cease  the  temperature  of  this 
area  would  be  verv  considerably  raised,  and  that  of  the  corres- 
ponding area  on  tke  northern  hemisphere  lowered.  The  result 
would  doubtless  be  that  the  southern  hemisphere,  down  to  the 
equator,  would  then  be  warmer  than  the  northern.  But  even 
as  things  are,  as  Mr.  Ferrel  remarks,  "  the  mean  temperature 
of  the  southern  hemisphere  is  the  greater  of  the  two,"  the 
mean  temperature  of  the  southern  being  60°-89,  and  that  of 
the  northern  59^-54.     • 

Heat  out  off  by  Uie  Atmosphere. — Professor  Newcomb  says 
fiirther :  "Another  idea  of  the  author  which  calls  for  explana- 
tion is  that  solar  heat  absorbed  by  the  atmosphere  is  entirely 
lost,  so  far  as  warming  any  region  of  the  globe  is  concerned.'' 
This  is  no  idea  of  mine.  My  idea  is  not  that  the  heat  cut  ofi' 
is  entirely  lost  but  merely  that  the  greater  part  is  lost.  A 
large  portion  of  the  heat  is  reflected,  and  of  that  absorbed  one- 
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half,  perhaps,  is  radiated  back  into  space  and  lost,  in  so  far  as 
the  earth  is  concerned. 

Tables  of  Eccen1a*icity. — Referring  to  my  tables  of  eccen- 
tricity of  toe  earth's  orbit  he  says  :  "  That  there  are  from  time 
to  time  such  periods  of  great  eccentricity  is  a  well-established 
result  of  the  mutual  gravitation  of  the  planets,  but  whether 
the  particular  epochs  of  great  and  small  eccentricity  computed 
by  Mr.  Croll  are  reliable,  is  a  different  question."  I  may  here 
mention  that  Professor  McFarland,  of  the  Ohio  State  Uni- 
versity, Columbus,  a  few  years  ago,  undertook  the  task  of 
re-computing  every  one  of  the  150  periods  given  in  my  tables, 
and  he  states  that,  except  in  one  instance,  he  did  not  find  an 
error  to  the  amount  of  'OOl.* 

"  The  data  for  this  computation,"  continues  Professor  New- 
comb,  "  are  the  formulae  of  Le  Verrier,  worked  out  about 
1845,t  without  any  correction  either  for  the  later  corrections 
to  the  masses  of  the  planets  or  for  the  terms  of  the  third 
order,  subsequently  discussed  by  Le  Verrier  himself.  The 
probable  magnitude  of  these  corrections  is  such  that  reliance 
cannot  be  placed  upon  the  values  of  eccentricity  computed 
without  reference  to  them  for  epochs  distant  by  merely  a 
million  of  years." 

In  regard  to  this  objection  I  may  mention  that  the  whole 
subject  of  the  secular  variations  of  the  elements  of  the  plan- 
etary orbits  has  been  re-investigated  by  Mr.  Stockwell,  taking 
into  account  the  disturbing  influence  of  the  ])lanet  Neptune, 
the  existence  of  which  wa»  n(»t  known  at  the  time  Le  Verrier's 
investigations  were  made.  Professor  McFarland,  with  the  aid 
of  Mr.  Stockwell's  formulae,  has  computed  all  the  periods  in 
the  tables  referred  to  above,  and  on  comparing  the  results 
found  by  both  formulae,  he  states  that  "  the  two  curves  exhibit 
a  general  conformity  throughout  their  whole  extent."  And 
his  computations,  I  may  sUite,  extend  from  3,260,000  years 
before  1850  to  1,260,000  years  after  that  date  ;  or,  in  other 
words,  over  a  ])eriod  of  no  fewer  than  4,520,000  years,^ 
thus  showing  that  Professor  Newcomb's  objection  falls  to  the 
ground. 

Tnifueyice  of  Winter  in  Aphelion, — I  have  maintained  that 
at  a  time  when  the  eccentricitv  is  hiojh'  and  the  winter  occurs 
in  aphelion,  the  great  increase  in  the  sun's  distance  and  in  the 
length  of  the  winter  would  have  the  effect  of  causing  a  large 

♦  American  Journal  of  Soieno?.  vol.  li.  p.  456  n8T6). 

•f  Lv  Verrier's  formula?  were  worked  out  several  years  before  1S45. 

X  In  tlii3  laborious  undertakm^  Professor  McFarland  computed,  by  meanB  of 
both  formula,  tlie  eccentricity  of  the  earth's  orbit  and  the  longitude  of  the  peri- 
helion f.r  no  fewer  than  4S5  sep>arate  epochs.  See  American  Journal  of  Scienoe, 
ToL  XX.  p.  105  (1SS0>. 
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increase  in  the  quantity  of  snow  falling  during  that  season. 
This  very  obvious  result  follows  as  a  necessary  consequence 
from  the  fact  that  the  moisture  which  now  falls  in  the  form  of 
rain  would  then  fall  as  snow.  But  Professor  Newcomb  actu- 
ally states  that  he  cannot  accept  the  conclusion  that  this  would 
lead  to  more  snow. 

Influence  of  a  Snow^overed  Surface, — I  have  argued  that 
this  accumulation  of  snow  would  lower  the  summer  tempera- 
ture, and  tend  to  prevent  the  disappearance  of  the  snow,  and 
have  assigned  three  reasons  for  this  conclusion  : — 

First. — Direct  radiation.  The  snow,  for  physical  reasons 
well  known,  will  cool  the  air  more  rapidly  than  the  sun's  rays 
will  heat  it.  This  is  shown  from  the  fact  that  in  Greenland,  a 
snow  and  ice-covered  country,  a  thermometer  exposed  to  the 
direct  radiation  of  the  sun  has  been  observed  to  stand  above 
100°,  while  the  air  surrounding  the  instrument  was  actually 
12°  below  the  freezing  point.  Professor  Newcomb  and  also 
Mr.  Hill  *  regard  the  idea  that  this  could  in  any  way  favor  the 
accumulation  of  snow  as  absurd.  They  think  that  in  fact  it 
would  have  directly  the  opposite  effect.  They  have  perceived 
only  one  half  of  the  result.  It  is  quite  true,  as  they  affirm, 
that  the  cooling  of  the  air  by  the  snow  will  not  prevent  the 
melting  of  the  snow,  but  the  reverse.  There  is,  however, 
another  and  far  more  important  result  overlooked  in  their 
objection.  If  the  snow  and  ice-covered  surface  keeps  the 
temperature  of  the  air,  in  summer,  below  the  freezing  point, 
which  it  evidently  does  in  Greenland  and  in  the  Antarctic 
continent,  the  moisture  of  the  air  will  fall  as  snow  and  not  as 
lain.  No  doubt  this  is  the  chief  reason  why  in  those  regions, 
even  in  the  middle  of  sunmier,  rain  seldom  falls,  the  precipita- 
tion being  almost  always  in  the  form  of  snow,  although  at  that 
verv  season  the  direct  heat  of  the  sun  is  often  as  great  as  in 
India.  Were  the  snow  and  icy  mantle  removed,  a  snow  shower 
in  summer  would  be  as  rare  a  phenomenon  in  those  regions  as 
it  would  be  in  the  south  of  England. 

Second, — *The  rays  which  fall  on  snow  and  ice  are  to  a  great 
extent  reflected  back  into  space.  But  those  that  are  not  reflected, 
but  absorbed,  do  not  raise  the  temperature,  for  they  disappear  in 
the  mechanical  work  of  melting  the  ice.' 

This  reason  is  also  regarded  as  absurd.  The  heat  of  the  sun 
during  the  perihelion  summer  would,  he  says,  suffice  to  melt 
the  whole  accumulation  of  winter  snow  in  three  or  four  days. 
**  The  reader,"  he  continues,  ''  can  easily  make  a  computation 
of  the  incredible  reflecting  power  of  the  snow  and  of  the  unex- 

*Geolo£^'oal  Magazine  for  January,  1880,  p.  12. 
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ampled  transparency  of  the  air  required  to  keep  the  snow 
unmelted  for  three  or  four  months."  Incredible  as  it  may 
appear  to  Professor  Newcomb,  I  shall  shortly  show  that  a  less 
amount  of  snow  than  the  equivalent  of  the  two  feet  of  ice 
which  he  assumes  does  actually,  in  some  places,  defy  the  melt- 
ing power  of  a  tropical  sun.  But  he  misapprehends  my  reas- 
oning here  also,  by  overlooking  the  more  important  factor  in 
the  aifair,  namely,  the  keeping  of  the  air  in  the  summer  below 
the  freezing  point.  The  direct  effect  that  this  has  in  preventing 
the  sun  from  melting  the  snow  and  ice  will  be  discussed  shortly, 
but  the  point  to  which  I  wish  at  present  to  direct  special 
attention  is  the  fact  that  if  the  air  is  kept  below,  or  even  at 
the  freezing  point,  snow  will  fall  and  not  rain.  Snow  is  a  good 
reflector  of  heat,  consequently  a  large  portion  of  the  sun's  rays 
falling  on  the  snow  and  icy  surface  is  reflected  back  to  space. 
The  aqueous  vapor  of  the  air,  on  the  other  hand,  as  the  vibra- 
tions of  its  molecules  agree  in  period  with  those  of  the  snow 
and  ice,  cuts  off  a  large  portion  of  the  heat  radiated  by  the 
snow  surface  ;  but  here  in  the  case  of  reflection  under  consid- 
eration the  rays  are  not  cut  off;  for  the  reflected  rays  are  of  the 
same  character  as  the  incident  rays  which  pass  so  freely 
through  the  aqueous  vapor.  And  in  respect  to  the  remaining 
rays  which  are  not  reflected  but  absorbed  by  the  snow,  they  do 
not  manage  to  raise  the  temperature  of  the  snow  above  the 
freezing  point.  Consequently  the  air  is  kept  in  the  condition 
most  favorable  for  the  production  of  snow. 

Third, — '  Snow  and  ice  lower  the  temperature  by  chilling  the 
air  and  condensing  the  vapor  into  thick  fogs.  The  great  strength 
of  the  sun's  rays  during  summer,  due  to  his  nearness  at  that  season, 
would,  in  the  first  place,  tend  to  produce  an  increased  amount  of 
evaporation.  But  the  f)re8ence  of  snow-clad  mountains  and  an 
icy  sea  would  chill  the  atmosphere  and  condense  the  vapor  into 
thick  fogs.  The  thick  fogs  and  cloudy  sky  would  effectually  pre- 
vent the  sun's  rays  from  reaching  the  earth,  and  the  snow  in  con- 
sequence, would  remain  unmelted  during  the  entire  sammer.' 

On  this  Professor  Newcomb's  criticism  is  as  follows  :  "  Here 
he,  Mr.  Croll,  says  nothing  about  the  latent  heat  set  free  by  the 
condensation,  nor  does  he  say  where  the  heat  goes  to  which  the 
air  must  lose  in  order  to  be  chilled.  The  task  of  arguing  with 
a  disputant  who  in  one  breath  maintains  that  the  transparency 
of  the  air  is  such  that  the  rays  reflected  from  the  snow  pass 
freely  into  space,  and  in  the  next  breath  that  thick  fogs  eflcect- 
ually  prevent  the  rays  ever  reaching  the  snow  at  till,  is  not  free 
from  embarrassment." 

If  he  really  supposes  my  meaning  to  be  that  the  air  is  so 
transparent  as  to  allow  the  incident  and  reflected  rays  of  the 
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sun  to  pass  freely  without  interruption,  while  at  the  same  time 
and  in  the  same  place  the  air  is  not  transparent  but  filled  with 
dense  fogs  which  effectually  cut  off  the  sun's  rays  and  prevent 
them  from  reaching  the  earth,  then  I  do  not  wonder  that  he 
should  feel  embarrassed  in  arguing  with  me.  But  if  he  sup- 
poses my  meaning  to  be,  as  it  of  course  is,  that  those  two 
opposite  conditions,  existing  at  totally  different-  times,  or  in 
totally  different  places  at  the  same  time,  should  lead  to  similar 
results,  namely,  the  cooling  of  the  air  and  consequent  conserva- 
tion of  snow,  then  there  is  no  ground  whatever  for  any  embar- 
rassment about  the  matter. 

"  We  might  therefore  show,"  he  states,  "  that  if  the  snow, 
air,  fog,  or  whatever  throws  back  the  rays  of  the  sun  into  space 
ifl  80  excellent  a  reflector  of  heat,  it  is  a  correspondingly  poor 
radiator,  and  the  same  fog  which  will  not  be  dissipated  by  the 
summer  heat  will  not  be  affected  by  the  winter's^cold,  and  will 
therefore  serve  as  a  screen  to  prevent  the  radiation  of  heat 
from  the  earth  during  the  winter." 

There  are  f6W  points  in  connection  with  terrestrial  physics 
which  appear  to  be  so  much  misunderstood  as  that  of  the 
inflaenoe  of  fogs  on  climate.  One  chief  cause  of  these  misap- 
prehensions is  the  somewhat  complex  nature  of  the  subject 
arising  from  the  fact  that  aqueous  vapor  acts  so  very  differ- 
ently under  different  conditions.  When  the  vapor  exists 
in  the  air  as  an  invisible  gas,  we  have  often  an  intensely  clear 
and  transparent  sky,  allowing  the  sun's  rays  to  pass  to  the 
ground  with  little  or  no  interruption  ;  and  if  the  surface  of  the 
ground  be  covered  with  snow,  a  large  portion  of  the  incident 
rays  are  reflected  back  into  space  without  heating  either  the 
snow  or  the  air.  The  general  effect  of  this  loss  of  heat  is,  of 
coarse,  to  lower  the  general  temperature.  But  when  this  vapor 
condenses  into  thick  fogs  it  acts  in  a  totally  different  manner. 
The  transparency  to  a  great  extent  disappears,  and  the  fog  then 
cuts  off  the  sun's  rays  and  prevents  them  from  reaching  the 
ground.  This  it  does  in  two  different  ways.  1st.  Its  watery 
particles,  like  the  crystals  of  the  snow,  are  good  reflectors,  and 
the  upper  surface  of  the  mass  of  fog  on  which  the  rays  fall 
acts  as  a  reflector,  throwing  back  a  large  portion  of  the  rays 
into  stellar  space.  The  rest  of  the  rays  which  are  not  reflected 
enter  the  fog  and  the  larger  portion  of  them  are  absorbed  by 
it.  But  it  will  be  observed  that  by  far  the  greater  part  of  the 
absorption,  if  not  nearly  all  of  it,  will  take  place  in  the  upper 
half  of  the  mass.  This  is  a  necessary  result  of  a  recognized 
principle  in  radiant  heat  known  as  the  '^  sifting "  of  the  rays. 
The  deeper  the  rays  penetrate  into  the  fog  the  less  will  be  the 
amount  of  heat  absorbed.     If  the  depth  of  the  mass  be  great, 
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absorption  will  probably  entirely  disappear  before  the  surface 
of  the  ground  is  reached.     The  fog  will  begin,  of  course,  to 
radiate  off  the  heat  thus  absorbed,  but  as  it  is  the  upper  half 
of  the  mass  which  has  received  the  principal  part  of  the  heat, 
the  most  of  this  heat  will  be  radiated  upward  into  stellar 
space,  and  like  the  reflected  heat  entirely  lost  in   so  far  as 
heating  the  earth  is  concerned.     A  portion  will  also  be  radi- 
ated downward,  some  of  which  may  reach, the  ground,  but  the 
greater  portion  will  be  re-absorbed  in  its  passage  through  the 
mass.     We  have  no  means  of  estimating,  the  amount  of  heat 
which  would  thus  be  thrown  off  into  space  by  reflection  and 
radiation  ;  but  it  is  certainly  great.     I  think  we  may  safely  con- 
clude that  in  places  like  South  Georgia  and  Sandwich  Land 
where  fogs  prevail  to  such  an  extent  during  summer,  one  half 
at  least  of  the  heat  from  the  sun  never  reaches  the  ground. 
A  deprivatiofl  of  sun  heat  of  a  much  less  extent  than  this 
would  certainly  lower  the  summer  temperature  of  these  places 
far  below  the  freezing  point,  were  it  not  for  a  compensating 
cause  to  which  I  shall  now  refer,  viz  :  the  heat'"  trapped"  by 
the  fog.     The  fog,  although  it  prevents  a  large  portion  of  the 
sun's  heat  from  ever  reaching  a  place,  at  the  same  time  pre- 
vent«  to  a  great  extent  that  place  from  losing  the  little  heat 
which  it  does  receive.     In  other  words,  it  acts  as  a  screen  pre- 
venting the  loss  of  heat  by  radiation  into  space.     But  the  heat 
thus  *'  trapped  "  never  fully  compensates  for  that  not  received^ 
and  a  lowering  of  temperature  is  always  the  result. 

Had  all  these  consideraticms  been  taken  into  account  by 
Professor  Newcomb,  Mr.  Hill.  Mr.  Searles  Wood  and  others, 
thev  would  have  seen  that  I  had  bv  no  means  over-estimated 
the  powerful  intluence  of  fogs  in  lowering  the  summer  temper- 
ature. 

The  intluence  of  fogs  on  the  summer  temperature  is  a  fact 
so  well  established  by  observation  that  it  seems  strange  that 
any  one  should  l>o  found  arguing  against  it. 

I  ft  at  tvohv^i  hij  Frt^zmg.  —  There  is  one  objection  to 
which  I  may  here  ret\r  and  which  has  been  urged  by  nearly 
all  my  orities.  It  is  said,  correctly  enough,  that  as  water  in 
fri^ziiisr  evolvt'S  just  as  much  heat  as  is  required  to  melt  it, 
there  is  on  the  whole  no  actual  loss  of  heat ;  that  whatever 
heat  may  be  absorK^l  in  the  mechanical  work  of  melting  the 
snow  just  as  much  was  evolved  in  the  formation  of  the  snow. 
ConsiH]Uently  it  is  interred,  in  so  far  as  climate  is  concerned, 
the  I'ue  efleet  oom|'letely  coimterbalances  the  other.  This 
int'ennuv.  sound  as  it  may  at  tii*st  sight  ap{>ear,  has  l)een  bo 
well  provtHl  to  W  inoorret^t  by  Mr.  Wallace  that  I  cannot  do 
l>etter  than  quote  his  wonls  : 
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"  In  the  act  of  freezing,  no  doubt  water  gives  up  some  of 
its  heat  to  the  surrounding  air,  but  thaJt  air  still  remaina 
below  the  freezing  point  or  freezing  would  not  take  place. 
The  heat  liberated  by  freezing  is,  therefore,  what  may  be 
termed  low-grade  heat — heat  incapable  of  melting  snow  or 
ice ;  while  the  heat  absorbed  while  ice  or  snow  is  melting  is 
high-grade  heat,  such  as  is  capable  of  melting  snow  and  sup- 
porting vegetable  growth.  Moreover,  the  low-grade  heat 
liberated  in  the  formation  of  sdow  is  usually  liberated  high  up 
in  the  atmosphere,  where  it  may  be  carried  off  by  winds  to 
more  southern  latitudes,  while  the  heat  absorbed  in  melting 
the  surface  of  snow  and  ice  is  absorbed  close  to  the  earth  and 
is  thus  prevented  from  warming  the  lower  atmosphere,  which 
is  in  contact  with  vegetation.  The  two  phenomena,  therefore, 
by  no  means  counterbalance  or  counteract  each  other,  as  it  is 
80  constantly  and  superficially  asserted  that  they  do." — Island 
Life^  p.  140. 

The  Fwndamienial  misconception, — I  come  now  to  a  misap- 
prehension  which  more  than  any  other  has  tended  to  prevent 
a  proper  understanding  of  the  causes  which  lead  to  the  con- 
servation by  snow.  Whatever  the  eccentricity  of  the  earth's 
orbit  may  be  the  heat  received  froin  the  sun  during  summer  is 
more  than  sufficient  to  mek  the  snow  of  winter.  Conse- 
quently, it  is  assumed,  no  permanent  accumulation  of  snow  can 
take  place.  This  objection,  as  expressed  by  Mr.  HiU,  is  as 
follows :  "  We  have  no  reason  to  suppose  that  at  present  in 
the  northern  h^nisphere  more  snow  or  ice  is  anywhere  formed 
in  winter  than  is  melted  in  summer.  With  ^eater  eccen- 
tricity less  heat  than  now  would  be  received  m  winter,  but 
exactly  as  much  more  in  summer.  More  snow  would  therefore 
be  formed  in  the  one  half  of  the  year,  but  exactly  as  much 
more  be  melted  in  the  other  half.  The  colder  winter  and  the 
wanner  Aimmer  would  exactly  neutralize  each  other's  effects, 
and  on  the  average  of  years  no  accumulation  could  begin. 
Prima  fa^e^  therefore,  high  eccentricity  will  not  account  for 
glacial  periods."*  In  the  language  of  Professor  Newcomb  it 
is  as  follows  :  "  During  this  perihelion  summer  the  amount  of 
heat  received  from  the  sun  by  every  part  of  the  northern  hem- 
isphere would  suffice  to  melt  from  four  to  six  inches  of  ice  per 
day  over  its  entire  surface  ;  that  is,  it  would  suffice  to  melt 
the  whole  probable  accumulation  in  three  or  four  days.  The 
reader  can  easily  make  a  computation  of  the  incredible  reflect- 
ing power  of  the  snow  and  of  the  unexampled  transparency  of 
the  air  required  to  keep  the  snow  unmelted  for  three  or  four 
months." 

*  Geological  Magazine,  January,  1880,  p.  12. 
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It  is  assumed,  in  this  objection,  that  because  the  heat  received 
from  the  sun  by  an  area  is  more  than  sufficient  to  melt  all  the 
snow  that  falls  on  it,  no  permanent  accumulation  of  snow  and 
ice  can  take  place.     It  is  assumed  that  the  quantity  of  snow 
and  ice  melted  must  be  proportional  to  the  heat  received. 
Suppose  that  on  a  certain  area  a  given  amount  of  snow  falls 
annually.     The  amount  of  heat  received  from  the  sun  per 
annum  is  computed^  and  after  the  usual  deduction  for  that 
cut  off  by  the  atmosphere  has  been  made,  if  it  be  found  that 
the  quantity  remaining  is  far  more  than  sufficient  to  melt  the 
snow,  it  is  then  assumed  that  the  snow  must  be  melted,  and 
that  no  accumulation  of  snow  and  ice  year  by  year  in  this 
area  is  possible.     To  one  approaching  this  perplexing  subject 
for  the  first  time  such  an  assumption  Iooks  very  plausible, 
but  a  little  reflection  will  show  that  it  is  most  superficial. 
The  assumption  is  at  the  very  outset  totally  opposed  to  known 
facts.     Take  the  lofty  peaks  of  the  Himalayas  and  Andes  as  an 
example.     Few,  I  suppose,  would  admit  that  at  these  great 
elevations  as  much  as  fifty  per  cent  of  the  sun's  heat  could  be 
cut  off.     But  if  fifty  per  cent  reaches  the  snow  this  would  be 
sufficient  to  melt  fifty  feet  of  ice,  and  this  no  doubt  is  more 
than  ten  times  the  quantity  which   actually  requires  to  be 
melted.     Notwithstanding  all   this  the  snow  is  never  melted 
but  remains  permanent.      Take  as  another  example    South 
Georgia  in  the  latitude  of  England.     Suppose  we  assume  that 
one-half  of  the  sun's  heat  is  cut  off  by  the  clouds  and  fogs 
which  prevail  to  such  an  extent  in  that  place,  ftill  the  remain- 
ing half  would  be  sufficient  to  melt  upwards  of  thirty  feet  of 
ice,  which  is  certainly  more  than   the  equivalent  of  all  the 
snow  which  falls;  yet  this  island  is  covered  with  snow  and  ice 
down  almost    lo   the  seashore  during  the  whole  year.     Take 
still  another  example,  that  of  Greenland.     The  quantity  of 
heat  received  between  latitudes  60°  and  80°,  which  Is  that  of 
Greenland,  is,  according  to  Meech,  one-half  that  received  at 
the  equator;  and  were  none  cut  off,  it  would  be  sufficient  to 
melt  fifty  feet  of  ice.     The  annual  precipitation  on  Greenland 
in  the  form  of  snow  and  rain,  according  to  Dr.  Bink,  amounts 
to  only  twelve  inches,  and  two  inches  of  this  he  considers  is 
never  melted  but  is  carried  away  in  the  form  of  icebergs.     Mr. 
Hill  maintains*  that  owing  to  the  great  thickness  of  the  air 
traversed   by  the  sun's  rays  and  the  loss  resulting  from  the= 
great  obliquity  of  reflection,  the  amount  of  heat  reaching  th^ 
ground  would  be  insufficient  to  melt  more  than  sixteen  feet  oS 
ice.     Supposing  we  admit  this  estimate  to  be  correct  still  thi^ 
is  nineteen  times  more  than  is  actually  melted.     The  sim  melt-^ 

*  Geological  Magazine,  April,  1880. 
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only  ten  inches  notwithstanding  the  fact  that  it  has  the  power 
to  melt  sixteen  feet. 

In  short,  there  is  not  a  place  on  the  face  of  the  globe  where 
the  amount  of  heat  received  from  the  sun  is  not  far  more  than 
sufficient  to  melt  all  the  snow  which  falls  upon  it.  If  it  were 
true,  as  the  objection  assumes,  that  the  amount  of  snow  melted 
is  proportional  to  the  amount  of  heat  received  by  the  snow 
then  there  could  be  no  such  thing  as  perpetual  snow. 

The  reason  why  the  amount  of  snow  and  ice  melted  is  not 

necessarily  proportional  to  the  amount  of  heat  received  is  not 

far  to  seek.     Before  snow  or  ice  will  melt  its  temperature  must 

be  raised  to  the  melting  point.     No  amount  of  heat,  however 

great,  will  induce  melting  to  begin  unless  the  intensity  of  the 

heat  be  sufficient  to  raise  the  temperature   to   the  melting 

point.     Keep  the  temperature  of  the  snow  below  that  point 

and  though  the  sun  may  shine  upon  it  for  countless  ages  it 

will  still  remain  unmelted.     It  is  easy  to  understand  how  the 

snow  on  the  lofty  summits  of  the  Himalayas  and  the  Andes 

never  melts.     According  to  the  observations  made  at  Mount 

Whitney,  to  which  reference  has  already  been  made,  the  heat 

of  even  a  vertical  sun  would  not  be  sufficient  at  these  altitudes 

to  raise  the  temperature  of  the  snow  to  near  the  melting  point; 

and  thus  melting,  under  these  conditions,  is  impossible.     The 

snow  will  evaporate  but  it  cannot  melt.     But  owing  to  the 

frozen  condition  of  the  snow  even  evaporation  will  take  place 

with  extreme  difficulty.     If  the  sun  could  manage  to  soften 

the  snow  crystals  and  bring  them  into  a  semi-fluid  condition, 

evappration  would,  no  doubt,  go  on  rapidly ;  but  this  the  rays 

of  the  sun  are  unable  to  do.     Consequently,  we  have  only  the 

evaporation  of  a  solid  which,  of  course,  is  necessarily  small. 

It  mav  here  be  observed  that  at  low  elevations,  where  the 
snow  fall  is  probably  greater,  and  the  amount  of  heat  received 
even  less  than  at  the  summits,*  the  snow  melts  and  disappears. 
Here,  again,  the  influence  of  that  potent  agent,  aqueous  vapor, 
comes  into  play.  At  high  elevations  the  air  is  dry  and  allows 
the  heat  radiated  from  the  snow  to  pass  into  space ;  but  at 
low  elevations  a  very  considerable  amount  of  the  heat  radiated 
from  the  snow  is  absorbed  by  the  aqueous  vapor  which  it 
encounters  in  passing  through  the  atmosphere.  A  consider- 
able portion  of  the  heat  thus  absorbed  by  the  vapor  is  radiated 
back  on  the  snow ;  but  the  heat  thus  radiated  being  of  the 
same  quality  as  that  which  the  snow  itself  radiates  is  on  this 
account  absorbed  by  the  snow.  Little  or  none  of  it  is  reflected 
like  that  received  from  the  sun.  The  consequence  is  that  the 
heat  thus  absorbed  accumulates  in  the  snow  till  melting  takes 
place.    Were  the  amount  of  aqueous  vapor  possessed  by  the 

[.  JouB.  Soi.~Thibd  Sbbdbs,  Vol.  XX VI,  No.  154.— Got.,  1S88. 
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atmosphere  sufficiently  diminished,  perpetual  snow  would 
cover  our  globe  down  to  the  sea  shore.  It  is  true  that  the  air 
is  warmer  at  the  lower  than  at  the  higher  levels,  and  by  con- 
tact with  the  snow  must  t^nd  to  melt  it  more  at  the  former 
than  at  the  latter  position.  But  we  must  remember  that  the 
air  is  warmer  mainly  in  consequence  of  the  influence  of 
aqueous  vapor,  and  that  were  the  quantity  of  vapor  reduced 
to  the  amount  in  question,  the  difterence  of  temperature  at 
the  two  positions  would  not  be  great. 

But  it  may  be  urged  as  a  further  objection  to  the  foregoing 
conclusion  that,  as  a  matter  of  fact,  on  great  mountain  chains 
the  snow  line  reaches  to  a  lower  level  on  the  side  where  the  air 
is  moist  than  on  the  opposite  side  where  it  is  dry  and  arid: 
as,  for  example,  on  the  southern  side  of  the  Himalayas,  and 
on  the  eastern  side  of  the  Andes,  where  the  snow  line  descends 
2,000  or  3,000  feet  below  that  of  the  opposite  or  dry  side. 

But  this  is  owing  to  the  fact  that  it  is  on  the  moist  side 
that  by  far  the  greatest  amount  of  snow  is  precipitated.  .  The 
moist  winds  of  the  southwest  monsoon  deposit  their  snow 
almost  wholly  on  the  southern  side  of  the  Himalayas,  and  the 
southeast  trades  on  the  east  side  of  the  Andes.  Were  the 
conditions  in  every  respect  the  same  on  both  sides. of  these 
mountain  ranges,  with  the  exceptioh  only  that  the  air  on 
one  side  was  perfectly  dry,  allowing  radiation  from  the  snow 
to  pass  without  interruption  into  stellar  space,  while  on  the 
other  side  the  air  was  moist  and  full  of  aqueous  vapor  absorb- 
ing the  heat  radiated  from  the  snow,  the  snow  line  would  in 
this  case  undoubtedly  descend  to  a  lower  level  on  the  dry 
than  on  the  moist  side.  Melting  would  certainly  take  place 
at  a  greater  elevation  on  the  moist  than  on  the  dry  side,  and 
this  is  what  would  mainly  determine  the  position  of  the  snow 
line. 

The  annual  precipitation  on  Greenland,  as  we  have  seen,  is 
very  small;  scarcely  one-half  that  of  the  dryest  parts  of  Great 
Britain.      This   region   is   covered   with   snow   and   ice,   not 
because   the   quantity   of  snow   falling   on   it   is   great,   but 
because  the  quantity  melted  is  small ;  and  the  reason  why  the 
snow  does  not  melt  is  not  that  the  amount  of  heat  received 
during  the  year  is  unequal  to  the  work  of  melting  the  ice,  but; 
that,  mainly  through  the  dr^^ness  of  the  air,  the  snow  is  pre- 
vented from   rising  to  the  melting  point.     The   very   cause 
which  prevents  a  heavy  snowfall  protects  the  little  which  does 
fall  from  disappeaiing.     The  same  remarks  apply  to  the  ant;* 
arctic  regions. 

In  South  Georgia  and  Fuegia,  where  clouds  and  dense  fog« 
prevail  during  nearly  the  whole  year,  the  permanent  snow  and 
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ice  are  due  to  a  different  cause.  Here  the  snowfall  is  great 
and  the  amount  of  heat  cut  off  enormous  ;  but  this  alone 
would  not  account  for  the  non-disappearance  of  the  snow  and 
ice.  For,  notwithstanding  this,  the  heat  received  is  certainly 
more  than  sufficient  to  melt  all  the  snow  which  falls,  great  as 
that  amount  may  be.  The  real  cause  is  that  the  heat  received 
is  not  sufficiently  intense  to  raise  the  temperature  to  the  melt- 
ing point.  More  heat  is  actually  received  by  the  snow  than  is 
required  to  melt  it,  but  it  is  dissipated  and  lost  before  it  can 
manage  to  raise  the  temperature  of  the  snow  to  the  melting 
point ;  consequently  the  snow  is  not  melted.  Here  snow  falls 
m  the  very  middle  of  summer,  but  snow  would  not  fall  unless 
the  temperature  were  near  the  freezing  poiat. 

Foregoing  principles  applied  to  the  case  of  the   Glacial 
epoch. — Let  us  now  apply  tne  foregoing  principles  to  the  case 
of  the  Glacial  epoch.     As  winter  then  occurred  in  aphelion 
during  a  high  statQ  of  eccentricity,  that  season  would  be  much 
longer  and  colder  than  at  present.     Snow  in  temperate  regions 
would  then  fall  in  place  of  rain,  and  although  the  snowfall 
daring  the  winter  might  not  be  great,  yet  as  the  temperature 
would  be  far  below  the  freezing*  point,  what  fell  would  not 
melt.     As  heat,  which  produces  evaporaiion,  is  just  as  essen- 
tial to  the  accumulation  of  snow  and  ice  as  is  cold,  which 
produces  d&ndenaaiion^  after  the  sun  had   passed  the  vernal 
equinox  and  summer  was  approaching  the  consequent  rise  of 
temperature  would  be  accompanied    by  an   increase  in   the 
snowfall.      A   melting  of   the   snow   would  also  begin,   but 
it  would  be  a  very  considerable   time   before   the  amount 
melted  would  equal  the  daily  amount  of  snow  falling.     Bain, 
alternating  with  snow  showers,  would  probably  result ;  and, 
for  some  time  before  mid-summer,  snow  would  cease  and  give 
place  entirely  to  rain.     Melting  would  then  go  on  rapidly,  and 
by  the  end  of  the  summer  the  snow  would  all  disappear  except 
OD  high  mountain  summits  such  as  those  of  Scotland,  Wales 
and  Scandinavia.      Before  the  end  of  autumn,  however,  it 
would  again  begin  to  fall.     Next  year  would  bring  a  repeti- 
tion of  the  same  process,  with  this  difference,  however,  that 
the  snow  line  would  descend  to  a  lower  level  than  on  the  pre- 
vious year.     Year  by  year  the  snow  line  would  continue  to 
descend  till  all  the  high  grounds  became  covered  with  perma- 
nent snow. 

It  would  not  require  a  very  great  amount  of  change  from 
the  present  condition  of  things  to  bring  about  such  a  result. 
A  simple  lowering  of  the  temperature,  which,  would  secure 
that  snow  instead  of  rain,  should  fall  for  six  or  eight  months 
in  the  year  would  suffice;  and  this  would  follow  as  a  neces- 
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sary  result  from  an  increase  of  eccentricity.     Now  if  all  our 
mountain  summits  were  covered  with  permanent  snow  down 
to   a  considerable  distance,  the  valleys  would  soon  become 
filled  with  local  glaciers.     In  such  a  case  we  should  then  have 
more  than  one-half  of  Scotland,  a  large  part  of  the  north  of 
England  and  Wales,  with  nearly  the  whole  of  Norway  covered 
with  snow  and  ice.     Here  a  new  and  powerful  agent  would 
come  into  operation  which  would  greatly  hasten  on  a  glacial 
condition  of  things      This  large  snow  and  ice-covered  surface 
would  tend  to  condense  the  vapor  into  snow.     It  would  dur- 
ing summer  chill  the  air  and  produce  dense  and  continued 
fogs,  cutting  off  the  sun's  rays  and  leading  to  a  state  of  things 
approaching  to  that  of  South  Georgia,  which  would   much 
retard  the  melting  of  the  snow. 

It  is  a  great  mistake,  as  I  have  repeatedly  shown,  to  sun- 

f>08e  that  the  perihelion  summers  of  the  Glacial  epoch  could 
•e  hot.  No  snow  and  ice-covered  continent  can  enjoy  a  hot 
summer.  This  is  clearly  shown  by  the  present  condition  of 
Greenland.  Were  it  not  for  the  ice  the  summers  of  North 
Greenland,  owing  to  the  continuance  of  the  sun  above  the  hor- 
izon, would  be  as  warm  as  those  of  England  ;  but,  instead  of 
this,  the  Greenland  summers  are  colder  than  our  winters,  and 
snow  during  that  season  falls  more  or  less  nine  days  out  of  ten. 
But  were  the  ice  covering  removed  a  snow  shower  during  sum- 
mer would  be  as  great  a  rarity  as  it  would  be  with  us.  On 
the  other  hand,  cover  Indi^,  with  an  ice  sheet,  and  the  sum- 
mers of  that  place  would  be  colder  than  those  of  England. 

When  the  \\vr\\  grounds  of  Sccjtland  and  Scandinavia,  with 
those  of  the  northern  parts  of  America,  became  covered  with 
snow  and  ice,  and  the  eccentricity  went  on  increasing,  a  dimi- 
nution of  the  Gulf  Stream  and  a  host  of  other  physical  agencies, 
all  tending  toward  a  glacial  condition  of  things,  would  be 
brought  into  oj)eration.  This  would  ultimately  and  inevitably 
lead  to  a  general  state  of  glaciation  without  the  aid  of  any  of 
those  additional  <j:eograpliical  changes  of  land  and  water  which 
some  have  supposed.  This  will  be  shown  more  fully  wheu  we 
cnme  to  examine  Mr.  Alfred  R.  Wallace's  theoiy. 

Tlie  M^itmil  Iieifrtion  of  the  Plnjsirnl  Agents. — Those  who 
think  that  the  a^rencies  to  which  I  refer  would  not  bv  them- 
selv<,\s  bring  about  a  glacial  condition  appear  to  overlook  a 
most  important  and  remarkable  circumstance  regarding  their 
mode  of  operation,  to  which  I  have  frequently  alluded  m 
^Climate  and  Time'  (pp.  74-77)  and  other  places.  The  cir- 
cumstance is  this.  The  physical  agencies  in  question  not  only 
all  lead  to  one  result,  viz  :  an  accumulation  of  snow  and  ice, 
but  their  efficiency  in  bringing  about  this  result  is  actually 
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trengtheoed  by  their  mutual  reaction  on  one  another.  In 
)hy8ics  the  effect  reacts  on  the  cause.  In  electricity  and  mag- 
letism,  for  example,  cause  and  effect  in  almost  every  case 
mutually  act  and  react  upon  each  other,  but  the  reaction  of  the 
effect  tends  to  weaken  the  cause.  Those  physical  agents  to 
^hich  I  have  referred,  no  doubt,  in  their  mutual  actions  and 
reactions  obey  the  same  law  ;  but,  in  reference  to  07»e  paiiicular 
resiUt,  viz:  the  accumulation  and  conservation  of  snow,  those 
mutual  reactions  strengthen  one  another.  This  is  not  reason- 
ing in  a  circle,  as  Mr.  Searles  Wood  supposes;  for  the  reaction 
of  an  effect  may  on  the  whole  weaken  the  cause,  and  yet  in 
regard  to  a  particular  result  it  may  strengthen  it.  In  the  case 
under  consideration  the  agents  not  only  act  in  one  direction, 
but  their  efficiency  in  acting  in  that  one  direction  is  strength- 
ened by  their  mutual  reactions.  This  curious  circumstance 
throws  a  flood  of  light  on  the  causes  which  tended  to  bring 
about  the  Glacial  epoch. 

To  begin  with  we  have  a  high  state  of  eccentricity.  This 
leads  to  long  and  cold  wi  liters.  The  cold  leads  to  snow,  and 
although  heat  is  given  out  in  the  formation  of  the  snow,  yet 
the  final  result  is  that  the  snow  intensifies  the  cold :  it  cools 
the  air  and  leads  to  still  more  snow.  The  cold  and  snow  bring 
a  third  agent  into  play — fogs — which  act  still  in  the  same 
direction.  The  fogs  intercept  the  sun's  rays,  this  interception 
of  the  rays  diminishes  the  melting  power  of  the  sun,  and  so 
increases  the  accumulation.  As  the  snow  and  ice  continue  to 
accumulate,  more  and  more  of  the  rays  are  cut  off ;  and  on  the 
other  hand,  as  the  rays  continue  to  be  cut  off,  the  rate  of  accu- 
mulation increases,  because  the  quantity  of  snow  and  ice 
melted  becomes  thus  annually  less  and  less.  In  addition,  the 
loss  of  the  rays  cut  off  by  the  fogs  lowers  the  temperature  of 
the  air  and  leads  to  more  snow  being  formed,  while  again  the 
snow  thus  formed  chills  the  air  still  more  and  increases  the 
fogs.  Again,  during  the  winters  of  a  Glacial  epoch,  the  earth 
would  be  radiating  its  heat  into  space.  Had  this  loss  of  heat 
simply  lowered  the  temperature,  the  lowering  of  the  tempera- 
ture would  have  tended  to  diminish  the  rate  of  loss  ;  but  the 
result  is  the  formation  of  snow  rather  than  the  lowering  of 
the  temperature. 

Further,  as  snow  and  ice  accumulate  on  the  one  hemisphere 
they  diminish  on  the  other.  This  increases  the  strength  of  the 
trade  winds  on  the  cold  hemisphere  and  weakens  those  on  the 
warm.  The  effect  of  this  is  to  impel  the  warm  water  of  the 
tropics  more  to  the  warm  hemisphere  than  to  the  cold.  Sup- 
pose the  northern  hemisphere  to  be  the  cold  one,  then  as  the 
snow  and  ice  begin  gradually  to  accumulate,  the  ocean  currents 
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of  that  hemisphere,  more  particularly  the  Gulf  Stream,  begin 
to  decrease  in  volume,  while  those  on  the  southern  or  warm 
hemisphere  begin  pari  passu  to  increase.*  This  withdrawal  of 
heat  from  the  northern  hemisphere  favors  the  accumulation  of 
snow  and  ice,  and  as  the  snow  and  ice  accumulate  the  ocean 
currents  decrease.  On  the  other  hand,  as  the  ocean  currents 
diminish,  the  snow  and  ice  still  more  accumulate.  Thus  the 
two  effects  in  so  far  as  the  accumulation  of  snow  and  ice  is 
concerned  mutually  strengthen  each  other. 

The  same  process-of  mutual  action  and  reaction  takes  place 
among  the  agencies  in  operation  on  the  warm  hemisphere,  only 
the  result  produced  is  diametrically  opposite  to  that  produced 
in  the  cold  hemisphere.  On  this  warm  hemisphere  action  and 
reaction  tend  to  raise  the  mean  temperature  and  diminish  the 
quantity  of  snow  and  ice  existing  in  temperate  and  polar 
regions. 

The  primary  cause  of  all  these  physical  agencies  being  set 
in  operation  is  a  high  state  of  eccentricity  of  the  earth's  orbit, 
and  with  a  continuance  of  that  stat^  a  glacial  epoch  becomes 
inevitable. 

The  Kxplaiudion  begins  with  Winter, — Mr.  Hill  asks  why  I 
alw'ays  begin  in  my  explanation  with  the  aphelion  winter  rather 
than  with  the  perihelion  summer.  The  reason  is  that  the 
character  of  the  summer  is  determined  by  that  of  the  winter 
and  not  the  winter  bv  that  of  the  summer.  It  is  true  that  to 
a  certain  extent  the  influence  is  mutual,  but  the  effect  of  the 
summer  on  the  winter  is  trifling  in  comparison  with  that  of  the 
winter  on  the  summer.  To  begin  our  explanation  with  the 
summer  would  be  like  beginning  at  the  end  of  a  story  and 
telling  it  backward. 

Iferr  Woeikof  on  the  cause  of  Glaciation, — In  an  article  hv 
A.  Woeikof  on  ^  Glaciers  and  Glacial  Periods  in  their  rela- 
tions to  Climate'  (Nature,  March  2d,  1882),  it  is  maintain*^ 
that  the  chief  cause  which  leads  to  the  formation  of  snow,  and 
consequently  to  a  glacial  condition,  is  a  low  surface-tempera- 
ture of  the  sea  surrounding  or  adjoining  the  land.  When  the 
surface  temi)erature  of  the  water  umch  exceeds   the  freezing- 

*  Professor  Dana  lias  shown  tliat  in  North  America  those  areas  which  at  pres- 
ent have  the  greatest  rain-fall  are,  as  a  rule,  the  areas  which  were  most  glaciated 
durim?  the  Glacial  epoch.  Mr.  Searles  V.  Wood  maintains  that  this  fact  is  incon- 
sistent with  the  theory  that  the  CJlacial  piTiod  was  duo  to  the  cause  to  which  I 
attribute  it.  1  am  totally  unable  to  coraprehemi  how  ho  arrives  at  this  conclusion. 
Supposing  the  (Julf  Stream,  as  T  have  maintained,  were  jrreatly  diminished  during 
the  Glacial  j)eriod,  still  I  think  ii  would  follow,  oilier  things  being  equal,  that  the 
areas  which  now  have  the  greatest  rain-fall  would  during  that  period  probably 
have  the  greatest  snow-fall,  and  consequently  the  greatest  accumulation  of  ice. 
The  amount  of  precipitation  might  \>e  less  than  at  present,  but  this  would  not 
prevent  the  areas  which  had  the  greatest  snow-fall  from  being  most  covered, 
witli  ice. 
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point  the  vapor,  he  says,  evaporated  from  the  sea  and  con- 
densed on  the  land  will  be  rain  and  not  snow,  but  when  the 
temperature  of  the  water  is  near  the  freezing-point,  snow  will 
be  the  result.  A  diminution,  for  example,  in  the  heat  brought 
by  the  Gulf  Stream  that  would  very  greatly  lower  the  surface 
temperature  of  the  sea  surrounding  Great  Britain  would,  he 
says,  bring  about  a  heavy  snow-fall  and  lead  to  permanent 
snow  and  ice.  Again  he  maintains  "  as  there  is  no  reason  to 
suppose  that  the  surface-temperature  of  the  sea  would  be  lower 
during  winter  in  aphelion  and  high  eccentricity,  it  follows 
that  there  will  not  be  more  snow  than  now  in  countries  where 
rain  is  the  rule,  even  in  winter,  all  other  things  equal." 

Tbere  is  surely  a  fallacy  lurking  under  this  theoiy  of  M. 
Woeikof.  Snow  instead  of  rain  is  not,  as  he  supposes,  owing 
to  the  low  temperature  of  the  water  from  which  the  vapor  is 
derived,  but  to  the  low  temperature  of  the  air  where  the  vapor 
is  precipitated.  Of  course,  when  the  surface  of  the  sea  is  near 
the  freezing-point,  the  air  over  the  sea  and  the  adjoining  land 
L8  usually  also  not  far  from  the  freezing-point,  and  conse- 
quently the  precipitation  is  more  likely  to  be  snow  than  rain. 
If  the  air  be  cold  as  it  generally  is  over  a  snow  and  ice 
cx)vered  country,  a  high  temperature  of  the  adjoining  seas, 
'^rere  this  possible,  would  greatly  increase  the  snow-fall  because 
it  would  greatly  augment  the  quantity  of  vapor  which  would 
"be  available  for  snow. 

Edinburgh^  Scotland,  May  Ist,  1883. 


Art.  XXX. — Conimunicalions  from  the  U,  ^,  Geological  Suruei/j 
Rocky  Mountain  division,  IV.  On  mmerals  of  the  Cryolite 
group  recently  found  in   Colorado ;   by  WHITMAN  CROSS  and 

W.  F.  HiLLEBRAND. 

In  this  Journal,  for  October,  1882,*  we  announced,  in  con- 
nection with  the  description  of  zircon  and  other  minerals  from 
the  neighborhood  of  Pike's  Peak,  that  cryolite  and  several 
allied  fluorides  had  been  identified  from  the  same  region  nnd 
would  form  the  subject  of  a  paper  at  an  early  day.  Shortly 
after  the  above  date  there  appeared  in  the  **Zeit8chrift  fiir 
Krystallographie,"  etc.,  an  interesting  and  valuable  paper  by 
Professor  P.  Qrothf  containing  the  results  of  a  searching  inves- 
tigation into  the  crystallographical  and  chemical  properties,  not 
only  of  cryolite  and  its  alteration  products,  but  also  of  the  few 

♦  Third  series,  vol.  xxiv,  p.  281. 

+  P.  Grotb,  "  Beitrage  zur  Kenntniss  der  natiirlichen  Fluorverbindungen,"  Zeit- 
achrift  fiir  Krystallographie,  vii,  pp.  375-388  and  457-493. 
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allied  minerals  occurring  independently.  The  chemical  anal- 
yses of  the  above  article,  which  had  been  previously  published 
apart,  were  made  by  J.  Brandl*  upon  material  selected  and 
crystallographically  examined  by  Professor  Groth.  By  a  crit- 
ical review  of  the  existing  literature,  and  by  renewed  invesii- 
gations  in  doubtful  cases,  it  was  hoped  to  clear  away  the 
uncertainty  which  had  hung  about  some  of  the  members  of  the 
group,  and  as  the  available  material  was,  for  the  most  part,  far 
better  than  had  been  examined  before,  it  was  possible  to  obtain 
very  satisfactory  results. 

In  the  present  paper,  frequent  reference  will  necessarily  be 
made  to  the  results  of  Messrs.  Groth  and  Brandl.  Owing  to 
better  material,  we  are  in  some  cases  able  to  give  new  or  sup- 
plementary data,  and  only  in  one  instance,  namely,  in  regard  to 
the  composition  of  pachnolite,  is  there  any  discrepancy  between 
oiir  results  and  those  contained  in  the  articles  above  cited. 

Locality  and  occurrence, — The  point  at  which  these  minerals 
occur  may  be  described  as  at  the  northeast  base  of  St.  Peter's 
Dome,  a  small  conical  peak,  due  west  of  Cheyenne  Mountain, 
and  near  the  Pike's  Peak  toll-road,  which  is  now  completed 
from  Colorado  Sf)rings  to  the  Seven  Lake?,  at  the  base  of 
Pike's  Peak.  Although  several  miles  in  a  straight  line  from 
the  mountjiin  proper,  the  locality  may  be  considered  as  within 
the  ''Pike's  Peak  region." 

The  country  rock  of  this  whole  district  is  a  coarse,  reddish, 
biotite  granite,  of  a  general  type  which  i?  common  in  the  Colo- 
rado Range  of  the  Bocky  Mountains,  and  is,  in  all  probability, 
a  part* of  the  Archaean  formation.  A  specimen  collected  near 
St  Peter's  Dome  shows  largely  predominant  reddish  feldspar, 
brilliant,  black  biotite,  and  quartz,  the  latter  rather  subordinate, 
in  small  grains  between  the  other  minerals.  The  feldspar  con- 
sists largely  of  an  intergrowth  of  orthoclase  and  albite,  some- 
what after  the  manner  of  perthite.  The  rock  disintegrates  very 
readily  (^1.  c,  p.  281),  and  the  study  of  the  geognostic  relations 
in  the  region  is  much  hindered  by  the  gravelly  debris  which 
covers  many  slopes  almost  entirely. 

The  cryolite  locality  lies  on  the  southeast  border  of  the  ex- 
tensive district  within  which  Amazon  stone  and  its  associated 
minerals  are  so  abundantly  found  in  cavities  in  the  granite. 
In  the  immediate  vicinity  astrophyllite  and  associated  zircon 
oceur  in  granitic  veins,  and  also,  as  does  the  arfvedsonite,  in 
veins  of  white  quartz. 

The  minerals  to  be  described  occur  in  two  veins  of  massive 
wiiite  quartz,  anil  in  each  c:ise  they  were  discovered  by  pros- 
pectors.    The  twt^  veins  are  scarcely  more  than   one-third  of  a 

*  .T.  Brandl,  Sitzunpsbericht  der  kOaigL  bayr.  Akademie  der  Witsensch&ften 
ru  MdEchen,  18S2,  p.  118.  Mid  Annalen  der  Chemie,  cciiii,  p.  1. 
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nle  apart,  and  their  continuation  is  so  concealed  by  soil  and 
ebris  that  it  cannot  be  seen  what  their  relation  to  each  other 
nd  to  the  other  veins  may  be.  Thej^  differ,  however,  so 
reatly  in  the  minerals  they  contain  and  in  the  mimner  of  oc- 
irrence  of  the  latter,  as  tD  make  it  improbable  that  they  are 
cited. 

In  the  vein  which  we  will  designate  vein  A,  cryolite,  pach- 
"^lite,  thomsenolite,  gearksutite,  prosopite  and  probably  ralsto- 
ite  appear,  with  but  rare  associated  minerals.  In  vein  B,  on 
le  other  hand,  prosopite,  fluorite  and  mixed  fluorides  occur 
timately  associated  with  zircon,  kaolinite  and  a  greenish  yel- 
»w  mica.  As  the  minerals  of  the  two  veins  are  so  distinct,  we 
m  best  consider  them  in  the  groups  afforded  by  the  veins 
emselves. 

Vein  A. 

At  this  place  a  very  steep  incline  was  sunk  on  an  outcrop  of 
hite  quartz.  At  about  ten  feet  from  the  surface  a  small, 
lid  mass  of  fluorides,  some  two  feet  in  thickness,  was  struck, 
id  below  it  came  massive  quartz  again.  The  boundaries  of 
is  mass  are  quite  irregular,  and  its  lateral  extent  is  still 
)  known. 

This  small  body  of  mineral,  which  was  no  doubt  wholly  cry- 
ite  originally,  is  now  composed  of  the  same  alteration  pro- 
icts  which  are  known  in  connection  with  the  Greenland 
volite,  some  of  them  in  better  development  than  is  known  in 
is  latter IfJbality.  The  only  associated  minerals  observed  to 
inetfate  the  crvolite  mass  are  astrophyllite  and  columbite,  the 
rmer  being  almost  wholly  altered  to  a  dull  green  substance 
hich  is  not  homogeneous  and  whose  composition  is  unknown, 
be' astrophyllite  springs  from  the  granitic  wall  of  the  vein  in 
e  form  of  blades  several  inches  long,  and  zircon  was  noticed 
th  it  in  the  mass  at  the  base  of  the  blades,  while  never  seen 
ibedded  directly  in  the  cryolite.  The  columbite  is  in  small, 
ombic  prisms  of  the  type  found  with  the  Amazon  stone,  and 
curs  quite  rarely  in  isolated  crystals.  The  cryolite  decom- 
jsition  products  adjacent  to  the  Astrophyllite  will  be  described 
ter  (page  289). 

Adjoining  the  quartz,  the  cryolite  is  always  decomposed,  and 
generally  replaced  by  a  massive  mixture  of  pachnolite  and 
omsenolite,  but  not  infrequently  the  alteration  has  gone  still 
•ther  and  a  white  powder  of  extreme  fineness,  like  purest 
olin,  fills  the  space  between  quartz  and  more  solid  pachno- 
3.  This  is  the  gearksutite  which,  when  wet,  as  it  usually  is 
re,  makes  a  thick  paste  or  mud.  The  description  of  the 
nerals  will  begin  with  cryolite  and  proceed  through  the 
[ferent  stages  of  alteration  here  exhibited. 
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Cryolite. 

Within  the  mass  of  fluorides  in  vein  A  there  is  a  surpris- 
ingly large  amount  of  fresh  cryolite.  It  can  be  obtained  Id 
solia  pieces  several  inches  in  diameter,  and  the  process  of  alter- 
ation can  be  readily  followed  from  the  perfectly  fresh  material. 
It  occurs  in  massive  aggregates  of  crystalline  individuals  which, 
as  shown  by  the  continuous  cleavage  surfaces,  are  often  two  to 
three  inches  in  diameter,  and  are  never  very  small.  The  fresh- 
est substance  has  usually  a  delicate  pink  or  even  decidedly 
rose  color;  less  frequently  a  faint  greenish  tinge,  and  none  so 
far  obtained  has  the  snowy  whiteness  or  the  clearness  of  the 
Greenland  cryolite.  The  color  disappears  on  heating,  leaving 
the  cryolite  pure  white.  Cleavage,  in  three  directions,  very 
nearly  at  right  angles  to  each  other,  is  quite  distinct,  but 
although  as  plainly  marked  as  in  the  Greenland  mineral,  aciQa) 
separation  parallel  to  the  cleavage  planes  is  not  so  easily 
eflfected  as  is  normal.  The  cause  of  this  lies,  undoubtedly,  in 
the  complicated  polysynthetic  twin  structure  revealed  by  the 
microscope. 

No  crystals  of  cryolite  have  been  found,  and  a  thoroughly 
satisfactory  study  of  the  laws  of  twinning  which  appear  in  thia 
massive  material  would  require  much  more  time  than  we  have 
been  able  to  devote  to  it.  In  some  of  the  thin  sections  which 
have  been  prepared  the  relations  are  simple  and  admit  of 
perfectly  satisfactory  explanation.  Thus,  in  some  sections  par- 
allel to  the  plane  of  most  perfect  cleavage,  a  lamellar  polysyn- 
thetic twin  structure  like  that  of  common  plagioclase  is  visible. 
These  lamelleB  lie  parallel  to  one  of  the  two  visible  systems  of 
cleavage  lines,  are  continuous,  approximately  of  equal  width, 
appear  most  distinctly  when  parallel  to  the  principal  section  of 
one  of  the  crossed  Nicols,  and  extinction  takes  place  simulta- 
neously, so  far  as  can  be  determined  by  the  weak  polarization 
of  the  mineral,  at  an  angle  of  about  45°  from  the  twinning  line 
and  parallel  to  the  diagonals  of  the  prism  as  indicated  by  the 
cleavage  fissures.  This  structure  evidently  indicates  the  law 
of  twinning  frequently  noticed  in  the  Greenland  cryolite, 
namely,  that  parallel  to  /  (110).  The  same  twinning  law  is 
seen  in  many  sections  parallel  to  one  of  the  less  perfect  or  pris- 
matic cleavage  surfaces.  A  similar  laminated  structure 
appears,  and  extinction  takes  place  at  30°  to  33°  from  the 
twinning  line,  in  opposed  directions  in  alternate  laminae,  31^ 
16'  being  the  angle  of  extinction  with  the  edge  of  /,  theoret- 
ically required  in  sections  parallel  to  a  prism  face  (Groth). 
Such  a  section  usually  shows  two  systems  of  laminae  situated 
nearly  at  right  angles  to  each  other  but  seldom,  if  ever,  cross- 
ing. The  second  system  seems  probably  to  represent  a  twin- 
ning parallel  to  the  base.     Associated  with  these  two  systems 
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is  frequently  a  third  crossing  the  other  two  at  nearly  45°,  as 
seen  in  a  section  parallel  to  /.  This  mny  be  caused  by  twin- 
ning parallel  to  a  hemiorthodome,  but,  as  stated  above,  the 
laws  here  represented  have  not  as  yet  been  fully  investigated. 
Chemical  investigation, — For  all  analyses  of  this  and  the 
following  minerals  the  greatest   care  was  taken  to   have  the 

Earest  of  reagents.  The  fluorine  was  in  all  cases  determined 
y  the  Wohler-Fresenius  method,  with  the  slight  modifications 
introduced  by  Brandl,*  except  that  the  iron  plate,  instead  of 
the  oil  bath,  was  used  for  heating.  The  sulphuric  acid  was 
obtained  of  the  highest  degree  of  concentration  and  purity  by 
distillation  from  a  platinum  retort.  The  water  was  determined 
by  absorption  in  a  chloride  of  calcium  tube,  the  mineral  having 
been  heated  in  a  tube  with  either  oxide  of  lead  or  carbonate  of 
sodium,  the  results  being  the  same  whether  one  or  the  other 
was  used. 

The  cryolite,  of  which  the  analysis  is  here  given,  possessed 
the  specific  gravity  2*972  at  24°  C.,  was  faintly  pink  in  color,, 
and  contained  as  a  visible  impurity  the  oxide  of  iron  repre- 
sented in  the  analysis : 

Fe,0, 0-40 

Al 12-90 

Ca 0-28 

Na 32-40 

H,0 0-30 

F 63-56t 

9983 

The  presence  of  a  slight  amount  of  water  indicates  incipient 
alteration.  Purer  material  was  subsequently  obtained  but  a 
second  analysis  seemed  unnecessary. 

AUeraiion  of  cryolite. — The  alteration  of  the  cryolite  proceeds 
in  two  ways,  producing  the  same  minerals  in   the  end.  ,  By 
one  process  the  principal  cleavage  fissures  are  utilized  by  the 
solutions  which  effect  the  change,  and  thin  Walls  are  formed  of 
a  white  crystalline  substance.     The  next  step  seems  to  be  the 
bodily  removal  of  the  cryolite  matter  between  these  walls,  leav- 
ing a  network  of  partitions  in  the  three  directions  of  the  chief 
cleavages  of  the  original  cryolite.     These  partitions  or  walls 
are  lined  by  minute  crystals.     The  second  mode  of  alteration 
proceeds  from  the  neighboring  quartz,  and  from  the  bounda- 
ries of  the  different  crystalline  individuals  of  the  cryolite,  the 
result  being  a  compact  crystalline  mass  of  a  faint  bluish  tinge^ 
The  material  at  hand  illustrates  the  two  processes  and  their 

Eroducts  about  equally  well,  and  they  are  often  naturally  com- 
ined. 

*  ADDalen  der  Chemie,  ccxiii,  p.  1. 

t  As  the  mean  of  53*35,  53*46.  53  55  and  53*85. 
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Pachnolitk. 

a.  From  the  thin  walls. — The  microscopioal  examination  of 
the  walls  and  membranes  produced  by  the  first  mode  of  altera- 
tion of  the  cryolite  shows  them  to  be  coated  by  many  minute 
but  perfect,  colorless  and  transparent,  prismatic  crystals  which 
are  usually  placed  at  right  angles  to  the  central   plane  of  the 
wall,  though  sometimes  in  irregular  manner.     They  reach  a 
maximum  length  of  2""  by  a  thickness  of  0*2  to  04"*".     The 
<;rystals  are  occasionally  yellow  in  color,  while  retaining  their 
transparency,  the  color  being  doubtless  owing  to  some  matter 
produced  by  the  alteration  of  the  astrophyllite   which  pene- 
trates all  such  specimens.     The  crystallographical  identification 
of  these  crystals  with  pachnolite  i^  quite  certain,   for  upon 
placing  them  in  vertical   position   under  the   microscope  the 
prism  angles  can  readily  be  measured  and  correspond  closely  to 
Si""  24'  and  98°  86',  the  theoretical  angles  of  pachnolite  (see 
Groth,  1.  c.  p.  463).     The  prism  /(HO)  and  base  0{OQV\  are  in 
all  cases  the  chief  faces,  accompanied  frequently  by  a  horaior- 
thodome,  and  very  rarely  by  a  clinodome,  both  very  slightly 
developed.     The  former  is  considered  to  be  — *  (101)  from  data 
given  below.     Pyramid  faces  have  not  been  seen  upon  crystals 
of  this  growth.    Although  all  detached  crystals  show  when  ex- 
amined in  polarized  light  as  lying  upon  a  prism  face,  an  oblique 
twinning  plane  in  the  prismatic  zone,*  still  a  projecting  angle 
upon  the  base  can  but  rarely  be  seen.     The  reflecting  surfaces 
of  the  thinnest  walls  arc  composed  of  innumerable  small  facets 
of  rhombic  outline — the  basal   planes  of  the  very  low  prisms. 
In   fragments  from   some  of  the  thinnest  walls,  placed   hori- 
zontally under  the  microscope  and  observed  in  polarized  light, 
twinning  parallel  to  the  shorter  (ortho-)  diagonal  could  easily 
be  seen.     The  crystals  are  usually  quite  equally  bisected  by  the 
twinning  line.     The  central  portion  of  these  walls  is  rather  dull 
white  and  probably  represents  the  alteration  product  on  cleav- 
age planes  of  the  original  cryolite,  while  the  crystals  themselves  • 
w^ere  formed  during  or  after  the  removal  of  the  intermediate 
cryolite  substance. 

Thomsenolite  is  but  rarely  present  with  pachnolite  on  these 
walls.  The  few  crystals  found  correspond  to  the  pachnolite  in 
size  and  possess  a  prism  angle  of  nearly  90°,  and  a  very  perfect 
cleavage  parallel  to  the  base. 

Material  from  a  network  of  thin  walls  covered  by  pachnolite 
crystals  was  subjected  to  chemical  analysis,  yielding  the  result 
under  II.  \).  281. 

h.   From  the  bluish  alteration  product. — The  pale  bluish  mass  * 
formed  by  the  second  mode  of  decomposition  has  in  great  part 
a  regular  crystalline  structure  produced  by  a  more  or  leas  per- 

♦  Groth,  L  c.  p.  464. 
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feet  intergrowth  of  pachDolite  individuals  in  three  directions 
approximately  at  right  angles  to  each  other.  Nearly  simulta- 
neous reflection  over  the  greater  part  of  certain  irregular  sur- 
&ce8  makes  this  relation  plain.  By  the  examination  of  such  a 
surface  with  a  loupe,  one  can  usually  identify  a  number  of 
rhombic  facets  which  are  nearly  or  quite  coinciaent  in  position 
with  striated  planes,  the  two  corresponding  to  0  and  /  of  differ- 
ent individuals.  Such  a  structure  is  also  illustrated  by  the 
crystals  in  the  numerous  small  cavities  occurring  in  the  massive 
material. 

These  cavities  are  of  wholly  irregular  shape  and  reach  a  max- 
imum observed  diameter  of  8  to  4*^.  The  crystals  lining  them 
are  often  very  perfect  and  are  occasionally  2  or  3°^  in  length, 
with  a  thickness  of  1°™  or  less.  The  study  of  these  crystals 
proves  that,  as  in  the  preceding  case,  most  of  them  must  be 
referred  to  pachnolite,  although  thomsenolite  is  sparingly  pres- 
ent. These  pachnolite  crystals  differ  in  habit  from  those* 
already  descril3ed  in  that  the  pyramid  is  usually  prominent, 
being,  however,  in  nearly  every  case  truncated  by  the  basal 
plane  ;  in  fact,  crystals  without  0  are  very  rare.  The  rhombic 
section  of  the  prism  is  everywhere  plain.  Although  every 
prism  on  being  optically  tested  showed  a  twinning  plane  in  the 
prismatic  zone,  the  low  projecting  angle  of  179°  20'  upon 
0  could  seldom  be  distinctly  seen.  Many  crystals  are  some- 
what extended  parallel  to  one  pair  of  prism  faces.  A  hemior- 
thodome  of  the  same  order  as  the  pyramid  is  sometimes  devel- 
oped and  probably  corresponds  to  that  noticed  upon  the 
crystals  of  the  foregoing  type.  Most  of  the  crystals  of  these 
cavities,  while  very  perfect  and  distinctly  recognizable  as 
pachnolite,  are  too  small  and  their  surfaces  are  too  frequently 
covered  by  minute  crystals  of  a  later  growth  to  be  available 
for  measurements  with  the  goniometer. 

Whether  thomsenolite  is  mixed  with  pachnolite  in  the  mas- 
sive portion  or  not  is  diflScult  to  determine.  It  is  certainly  in 
comparatively  small  quantity  if  present,  and  in  the  cavities  all 
the  recognizable  crystals  are  deposited  upon  the  pachnolite  and 
are  apparently  distinctly  later  in  formation. 

Two  specimens  of  the  bluish,  massive  material  when  care- 
fully examined  proved  to  contain  pachnolite  in  a  form  allow- 
ing of  more  exact  crystallographic,  optical  and  chemical 
investigation. 

The  first  of  these,  which  we  will  designate  specimen  A,  is 
about  8x5x2*"  in  size,  is  somewhat  more  coarsely  granular 
than  the  variety  described,  and  possesses  in  an  eminent  degree 
the  regular  structure  there  observed.  While  quite  compact 
in  the  greater  part  of  the  specimen  there  are  portions  in  which 
the  grains  are  more  loosely  aggregated  together  and  parts  of 
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various  individuals  have  perfectly  developed  crystal  faces.  In 
some  minute  cavities  a  few  crystals  with  quite  perfect  termina- 
tions were  found,  and  upon  these  some  faces  were  sufficiently 
large  and  polished  to  admit  of  measurements  with  a  Fuess  re- 
flection goniometer.  These  crystals  are  about  1"™  long  and 
nearly  the  same  in  thickness.  They  show*/ (110),  0(001), 
with  subordinate  —1  (111)  and  a  negative  pyramid  determined 

as  —8-8(811).  They  are  all  twinned  parallel  to  t-t(lOO)  and 
the  low  projecting  angle  upon'O  is  sometimes  distinctly  visible. 
The  angles  given  in  the  following  table  are  all  means  of 
numerous  closely  agreeing  measurements,  and  demonstrate  the 
crystallographical  identity  of  the  mineral  under  discussion  with 
pachnolite: 


ADKle. 


/>s/(ll0^ll0) 

I^  O(110.v001) 

-1  ^  O(lll>s001 

-aft/s  — 3-:l  (311 /v 311 

-33^1(311  >sllO) 

0^  0(001  >s001)  twin. 


CryBtal  a. 

Crystal  ft. 

Other 
Crystals. 

81^  19^ 

Sr  22' 

81*18' 

eO**  21' 

90"  21' 

116*39' 

116' 30' 

138^45' 

138'  46' 

149^  03' 

179*21' 

Calcnlated. 

81*  24' 

90*20' 
116*  30' 
138°  62'  14' 
149*     V  19' 
179*  20^ 


The  face  —8*8  was  observed  on  a  number  of  distinct  twin 
crystals  with  projecting  angle  on  0,  and  in 'several  cases  on 
both  of  the  negative  angles. 

Upon  one  side  of  specimen  A  are  a  few  thomsenolite  crp 
tals,  distinguishable  by  their  prism  angle  of  nearly  90°.  They 
lie  irregularly  and  seem  to  be  later  in  formation  than  the  pach- 
nolite. Upon  them  are  deposited  minute  prosopite  crystals 
and  indistinct  altemtion  product:?.  In  the  mass  of  this  speci- 
men no  lijonisenolite  can  be  detected,  while  all  individuals  with 
partially  free  development  are  plainly  pachnolite.  Analysis 
III  of  table  (page  281),  was  made  on  material  obtained  from  the 
clear,  loosely  granular  portions  of  specimen  A,  and  although 
it  was  necessiirv  t(^  include  many  transparent  grains  of  irregu- 
lar shape  in  order  to  obtain  a  desirable  amount  of  substance, 
there  is  no  doubt  in  our  own  minds  but  that  thomsenolite  was 
wholly  absent  from  the  material  analyzed. 

The  second  specimen  (B),  from  which  especially  good  mate- 
rial was  obtained,  had  a  seam  2*^  thick  of  coarse  granular 
structure  running  through  it,  and  upon  splitting  it  open  along 
this  seain  two  surfaces  of  water-clear,  loosely  adhering  crystal- 
line grains  of  pachnolite  were  exposed,  with  the  regular  arrange- 
ment described.  Actual  development  of  crystal  faces  other 
than  the  prism  is  rarer  than  in  specimen  A,  but  the  size  of  the 
grains,  reaching  5""  in  length  by  1-3°*°*  in  thickness,  is  such 
as  to  admit  of  the  preparation  of  thin  sections  for  optical  exam- 
ination, and  also  gave  absolutel}*    pure  material  for  chemical 
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nalysis.  None  of  the  crystals  upon,  which  the  faces  were  well 
}rmed   were  superior  to  those  from  specimen  Af  and  only 

leasurements  of  the  prism  angles  were  made.  The  face  —  3*3 
?a8  not  observed  at  all. 

The  optical  properties  of  these  pachnolite  crystals  are  such  as 
3  leave  no  room  for  doubt  concerning  their  crystallographical 
lentity  with  the  mineral  described  by  Professor  &roth  as 
achnolite.  Several  sections  were  prepared  as  nearly  parallel 
>  the  clinopinacoid  as  possible.  These  exhibit  in  all  cases  a 
wia  structure,  and  this  is  frequently  polysynthetic.  The 
jvinning  lines  are  straight  and  lie  parallel  to  the  vertical  axis, 
lixtinction  takes  place  at  21''  80'— 22''  or  68°— 68°  30'  from  the 
winning  line,  in  opposed  directions  in  alternate  laminae.  Ac- 
^rding  to  Professor  Groth  the  bisectrix  is  in  the  plane  of  sjm- 
letry  and  inclined  68°  5'  forward  from  the  vertical  axis, 
ections  parallel  to  the  base  show  the  twinning  structure  also, 
le  line  lying  parallel  to  the  o^^h^di^g^^*^l;A-_^ -.^^-^^^^A-- 

A  large  part  of  the  purest  crystals  andS^^h^iSSfrom  this 
>ecimen  were  used  for  chemical  analysis^na  repeated  water 
'terminations,  the  results  of  which  are  given  below  (FV, 
ge  281). 

Chemical  investigation.  —  Previous  to  the  analysis  by  J. 
•andr  of  pachnolite  carefully  selected  by  Professor  Groth, 
chnolite  and  thomsenolite  were  considered  to  possess  the 
□Tie  chemical  composition.  The  results  of  all  earlier  analyses, 
eluding  such  as  referred  to  manifestly  very  impure  material, 
lile  frequently  deviating  materially  from  the  figures  required 
theory  for  the  formula  NaF,  CaF„  A1F„  H,0,  still  agree  on 
s  whole  very  well,  as  shown  in  the  accompanying  table,  and 

ly  justified  the  belief  in  the  chemical  identity  of  the  two 
&cies: 


Thomsenolite. 

Pachnolite. 

•• 
1 

• 
O 

a 

•• 
1 

• 

vom  Rath.* 

Hag©, 
mann.* 

Calculated 
for  NaP, 
CaFa,  AlP,, 
HaO.     • 

Al.... 
Ca.... 
Na... 
HaO-- 
P  .... 

13-43 
17-84 
10-75 
820 
49-78 

13-74 
16-79 
10-10 
9-00 
50-37 

13-14 

17-25 

12- 16^ 

9-60 

'  60-79 

12-50 
18-17 
10-23 
8-19 
51-54 

13-46 
18-10 
10-68 

12-93 
17-99 
12-06 

10-37 
17-44 
12.04 
8-63 
51-15 

12-32 
17-98 
10-34 
8-10 
61-26 

100-00 

100-00 

102-94 

100-63 

99.63 

100-00 

Ann.  d.  Chem.,  ocxiii,  p.  6. 

Xeuea  Jabrbuch  fiir  Min..  etc.,  1876,  p.  851. 

ProceedingB  Acad.  Sci.  of  Philad.,  1876,  p.  42. 

Annalen  der  Cbemle  und  Pharmacie,  cxxvii,  p.  61. 

Sitzungsbericht  d.  niederrhein  Ges.  fiir  Natur-  und  Heilkunde,  1860,  xx,  p.  141. 

This  Journal,  1866,  II,  xli,  p.  119.  *>  Also  10  80  and  10-81. 
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Wohler's  analysis  was  entirely  confirmed  some  years  subse- 
quently b)^Janna8ch*  in  Gottingen,  who  subjectea  to  analjaig 
pure  thomsenolite  selected  by  Professor  Klein. 

In  view  of  the  above,  the  analysis  of  pachnolite  by  Brandl, 
showing  results  agreeing  well  with  those  required  by  the  form- 
ula NaF,  CaF„  AlF,  was  calculated  to  cause  no  little  surprise. 
Professor  Groth  accepts  without  question  the  anhydrous  nature 
of  pachnolite  and  endeavors  to  explain  away  the  opposing  evi- 
dence  shown  in  the  foregoing  table  by  assuming  that  the  sap. 
posed  homogeneous  material  analyzed  was  contaminated  largely 
with  thomsenolite.     As  in  no  published  analysis  does  the  per- 
centage of  water  fall  below  7  per  cent,  this  assumption  necessi- 
tates a  most  improbable  admixture  of  thomsenolite.     In  those 
cases  where  the  percentage  of  water  equals  or  exceeds  that 
required  for  thomsenolite,  the  presence  of  gearksutite  is  sug- 
gested by  Professor  Groth  as  a  possible  explanation.     Even  od 
this  supposition  the  percentage  of  foreign  admixture  could  not 
fall  below  50  per  cent,  in  which  extreme  case  the  whole  of  the 
impurity  must  be  gearksutite,  an  amount  which  it  is  diflScult  to 
conceive  should  have  escaped  the  notice  of  such  observers  as 
Konig,  vom  Rath  and  Knop,  the  latter  of  whom  expressly  says 
his  analysis  was  made  upon  material  identified  as  pachnolite.f 
Notwithstanding  the  difficulty  of   explaining  the   agreement 
between  the  previous  analyses  of  pachnolite  and  thomseDolite 
on  the  assumption  of  the  anhydrous  nature  of  the  former,  the 
correctness  of  BrandFs  analysis  was  not  at  first  questioned  by 
us. 

In   the  coarse  of  the    present  investigations,  the  compact 
bluish  material  (see  p.  276)  having  the  specific  gravity  2'980at 
22^°  C.  was  first  analyzed,  the  crystallized  pachnolite  not  hav- 
ing yet  been  observed.     The  results  of  analysis  as  given  under 
I   l3elow,  agreed  in  the  main  so  well  with  the  figures  required 
for  the  formula  NaF,  CaF,,  AlFg,  11,0,  that  no  hesitation  was 
felt  in  considering  the  mineral  to  be  thomsenolite,    probaltly 
slightly    contaminated    wi.th    fluorite.      Later,    the  crystalline 
coating  on  the  thin  walls  produced  by  the  first  mode  of  altera- 
tion of  the  cryolite,  the  crystals  forming  which   had  not  yet 
been    identified    crystallographically  as  pachnolite,  were  sub- 
jected to  analysis  with  the  results  given  under  II.     Here  again 
the  identity  with  thomsenolite  seemed  clear.     It  was  not  until 
the  analysis  of  perfectly  transparent  fresh  crystals,  and  crystal 
fragments,  all   taken  from  specimen  A  above  described  gave 
the  results  shown  under  III,  that  the  possibility  of  the  iirst 
analyses    having    been  also    made  upon  pachnolite,  was  sug- 
gested.    That  this   was,  however,  so  in  the  case  of  No.  II  sub- 

*  Neues  Jabrbuch  fiir  Min.,  etc.,  1877,  p.  808. 
f  Neues  Yalirbuoh  fur  Min.,  etc..  1876,  p.  850. 
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squent  careful  examination  fully  revealed,  though  the  crystals 
nalyzed  were  not  entirely  free  from  foreign  admixture.  It 
eems  certain  also  that  the  compact  bluish  portions  (I)  consist 
Imost  entirely  of  pachnolite,  although  it  cannot  be  positfvely 
sserted  that  some  thomsenolite  may  not  be  intergrown  with  it. 
[*hat  no  possible  doubt  might  exist  in  the  mind  of  any  one  as 
o  the  homogeneity  of  the  material  used  for  analysis  III,  a 
arther  analysis  was  made  upon  crystals  from  specimen  B  above 
[escribed,  particular  care  bemg  taken  to  identifv  each  as  pach- 
lolite  by  tne  rhombic  section.  The  results  of  this  analysis  ap- 
pear under  IV. 


HlUebrand. 

Brandl.t 

Cftlciilftted 

forNaF. 

CaFff,  AlFs, 

HtO. 

I. 

n. 

III. 

IV. 

w 

12-02 

13-02 

1301 

12-23 

12-36 

13-60 

12*32 

^ 

19-32 

16-27 

16-17 

18-06 

18-04 

18-83 

17-98 

<s 

013 

1-63 

<9k 

10-43 

10-28 

10-23 

10-26 

11-73 

10-34 

Is^ 

0-13 

3»0 

7.87 

7-96 

8-64 

8-79 

8-10 

8-11 

806 

8-10 

? 

61-33 

61-28 

6130* 

55-69 

51-26 

99*95 

100-00 

de-85 

10000 

Further  determinations  of  water  on  material  from  specimen 
i  gave  7-95 ;  7*99  ;  8'14,  and  815  per  cent.  Still  other  deier- 
ninations,  some  on  material  every  fragment  of  which  showed 
he  rhombic  section,  others  on  material  taken  at  random  from 
he  crystalline  mass  gave  results  between  7*90  and  8*20  per 
ent  The  spec,  grav.,  at  17^  C.  of  the  perfectly  pure  material, 
\s  the  mean  of  four  determinations  varying  between  2*963  and 
5"968,  was  2'965.  A  single  determination  on  another  portion 
equally  pure  at  22°  C.  gave  2  962.  The  transparent  crystals, 
18  well  as  all  the  other  portions  analyzed,  decrepitated  vio- 
ently  on  heating  in  a  test  tube,  the  walls  became  lined  with 
;be  white  deposit  so  characteristic  of  thomsenolite  and  pachno- 
jte,  and  much  water  was  given  oflF.  Hence,  it  appears  that  the 
pachnolite  from  Pike's  Peak  and  thomsenolite  are  identical  in 
3hemical  composition,  unless  the  fact  of  all  analyses  of  thom- 
senolite showing  slightly  more  water  than  required  for  the 
Formula  NaF,  CaF„  A1F„  H,0  may  indicate,  as  suggested  by 
Professor  Qroth,  a  partial  replacement  of  fluorine  by  hydroxyl 
in  that  mineral,  should  this  prove  to  be  the  case,  a  plausible 
explanation  of  the  difference  in  crystallization  of  the  two  min- 
erals is  oflFered  without  recourse  to  the  theory  of  dimorphism. 

A  satisfactory  explanation  of  Brandl's  results  so  opposed  to 
those   presented  by  all    earlier  analyses  and   the  ones  above 

*  By  difference.  t  ^^^'  d-  Chem.  ccxiil,  p.  6. 

Am.  Joub.  Soi.— Thibd  Sbribs,  Vol.  XXVl,  No.  154.'-Oct.,  1888. 
19 
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given  is  impossible,  but  it  may  be  well  to  call  attention  to  the 
fact  that  Brandl  was  obliged  to  make  his  determinations  of  flu- 
orine and  the  metals  upon  quantities  of  0*1106  gr.  and  0*1430 
gr.  weight  respectively,  whereas,  material  was  not  wanting  for 
the  present  analyses,  the  determinations   having  been   made 
upon  weights  of  from  0*3  gr.  to  0-75  gr.     It  nowhere  appears 
that  a  direct  test  for  water  was  made  upon  the  material  fur- 
nished by  Professor  Qroth.    The  latter,  it  is  true,  remarks  (1.  c. 
p.  461),  **  Ausserdem  bildet  sich  bei  letzterem  (Thomsenolith) 
m  den  kalteren  Theilen  des  Rohrs  ein  Wasserbeschlag,  welcher 
beim  Erhitzen  reinen  Pachnolithes  natUrlich  ausbleibt."     The 
absence  of  water  does  not,  however,  seem  to  be  hereby  proven, 
but  simply  assumed  from  the  close  approximation  to  100  of 
Brandl's  results  exclusive  of  water.     Brandl  himself  says  water 
is  wanting,   but  does  not  mention  if  this  was  ascertained  by 
direct  experiment.     The  small  amount  of  material  at  his  dis- 
posal renders  it  not  improbable  that  no  direct  test  was  made. 

Since  the  conclusion  of  the  above  investigations  we  have, 
through  the  kindness  of  Mr.  Albert  F.  Damon,  President  of 
the  Pennsylvania  Salt  Manufacturing  Company,  obtained  speci- 
mens of  Greenland  cryolite  and  its  alteration  products.  From 
one  of  these  specimens  was  removed  a  large  number  of  small, 
needle-like,  pyramidally-terminated,  twinned  crystals  with  a 
rhombic  prismatic  section,  showing  in  fact,  precisely  the  com- 
mon occurrence*  and  ordinary  habitf  of  pachnolite  as  de- 
scribed by  Professor  Groth.  These  crystals,  slightly  yellowish 
in  color  but  quite  transparent,  were  individually  examined 
under  the  microscope,  all  such  as  did  not  show  bey'ond  a  doubt 
the  above  described  habit  being  excluded.  They  were  then 
tested  in  a  small  glass  tube  for  water.  Decrepitation  ensued 
on  heating  and  the  walls  of  the  tube  became  lined  with  a  white 
powder,  and  also  with  a  deposit  of  water  in  such  quantity  as  to 
preclude  the  possibility  of  its  having  been  derived  from  but  a 
small  portion  of  the  material  experimented  upon. 

Other  forms  of  pachnolite, — In  some  very  cellular  specimens 
wiiose  waljs  run  irregularly  and  seemingly  without  reference 
to  the  cleavage  of  the  original  cryolite,  are  crystals  of  pachno- 
lite of  diflFerent  habit 

One  or  two  of  these  cavities  show  crystals  corresponding  in 
size  to  those  upon  the  thin  walls,  but  exhibiting,  each  and  every 
one,  a  reentering  angle  on  the  free  termination.  In  such  little 
crystals  the  basal  planes  are  prominent,  and  they  are  bounded 
on  the  inside  by  a  pyramid  and  dome,  doubtless  —I  (111) and 
— 1-7  (101).  Outward  there  sometimes  appears  another  pyramid 
\^\  '.M  though  the  prismatic  faces  themselves  usually  form  a  sharp 
edize  with   0.     All    these  crystals  are  too  small  for  measure- 

♦  p.  Groth,  1.  c,  p.  461.  f  Ibid,  p.  462. 
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ment,  but  as  the  appearance  dfescribed  is  such  as  would  be 
normal  for  the  termination  by  which  the  twin  crystals  are  com- 
monly attached,  it  seems  admissible  to  consider  the  faces  as  0, 
—  1,  — 1-Tand  probably  1.  On  many  twins  of  this  kind,  the 
outer  or  positive  angles  between  /and  0  are  replaced  by  two 

faces  greatly  resen^bling  those  of  —  3*3  (311^  and  although  en- 
tirely too  minute  for  measurement,  it  is  probable  that  the  form 

8*3  (311)  is  here  represented.  The  crystals  of  Greenland  pach- 
nolite  are  always  attached  by  the  end  with  the  reentering  angle 
according  to  Groth. 

Secondary  formations  in  cavities. — In  many  cavities  arising 
from  both  modes  of  decomposition  of  the  cryolite,  a  second 
series  of  minerals  has  been  deposited,  chiefly  as  a  whitish, 
easily  crumbling  aggregate  of  minute  crystalline  grains,  which 
are  recognizable  under  the  microscope  as  thomsenolite,  pach- 
nolite  and  a  mineral  of  the  isometric  system.  The  little  thom- 
senolite crystals  are  frequently  doubly  terminated,  and  show 
the  monoclinic  symmetry  plainly  through  the  more  prominent 
development  of  the  negative  pyramid.  The  pachnolite  crystals 
are  short  and  stout,  showing  in  most  cases  only  /(llO),  0(001) 
and  — 1-*  (101).  A  number  of  large  pachnolite  crystals  were 
observed  which,  by  low  powers  of  the  microscope,  seemed 
coated  with  a  crystalline  dust,  whose  particles  are  resolved  by 
a  power  of  700-^00  diameters  into  most  perfect  cubic  crystals, 
modified  by  the  octahedron.  This  is  also  the  form  of  the  regu- 
lar crystals  in  the  granular  mass  above  mentioned,  and  were  it 
not  for  a  fact  to  be  considered  shortly,  we  should  not  hesitate 
to  advocate  the  probable  identity  of  these  crystals  with  ral- 
stonite,  described  by  Brush*  as  occurring  in  a  very  sibailar 
manner  upon  thomsenolite  from  Greenland.  The  largest  of 
the  crystals  occurring  as  described,  is  less  than  1™™  in  diam- 
eter, and  no  pure  material  even  for  qualitative  tests  can  be 
obtained. 

A  new  fluoride, — Just  at  the  close  of  our  investigations,  a 
mineral  was  found,  occurring  sparingly  in  a  few  specimens, 
which  seems  to  be  very  diflferent  from  any  known  species.     It 
was  found  in  small  cavities  in  the  massive  pachnolite,  as  a 
compact  irregular  mass,  colorless,  but  not  perfectly  clear  and 
exhibiting  but  seldom  traces  of  crystalline  form.     In  one  speci- 
men, however,  the  mass  of  the  mineral  was  covered  by  small, 
rounded,  crystal-like  projections,  which  seemed  like  crystals  of 
the  regular  system.     An  examination  with  a  loupe  showed  the 
absence  of  recognizable  faces,  but  such  particles  when  broken 
oflf  and  tested  under  the  microscope,  proved  to  be  fully  iso- 
"tropia     A  few  faces  found  on  one  crystal  seem  to  belong  to 

*G.  J.  Brush,  this  Journal,  III,  ii,  p.  30,  1871 ;  also  P.  Groth,  1.  c,  p.  471. 


284      Orou  <md  HUMyrand — Cryolite  from  CoLorado* 

cube  and  octahedron,  and  particles  detached  from  the  same  are 
isotropic  in  action  in  polarized  light     Supposing  that  this  sab- 
stance  must  be  ralstonite  in  exceptional  development,  enoogb. 
material  for  the  following  partial  chemical  analysis  was  selec- 
ted, being  carefully  freed  from  attached  particles  of  pachnolite^ 
and  other  anisotropic  minerals,  by  microscopical  examination. 
The  Al,  Ca  and  Mg  were  accurately  determined,  the  Ku  and 
Na,  owing  to  an  unfortunate  mishap,  only  approximately.     No 
water  could  be  detected  by  direct  test  upon  a  small  portion. 
Fluorine  was  present  in  quantity,  and  the  percentage  given 
below  is  calculated  on  the  assumption  that  the  metals  are  fully 
combined  with  it 

Al 11-40       ^ 

Ca OtJ 

Mg 0-22 

Ka 28-94 

Na 990 

F 46-98 

9816 

From  the  above  data  may  be  derived  a  formula  analogous  to 
that  of  cryolite,  in  which  about  two-thirds  of  the  soaium  is 
replaced  by  potassium.  Further  investigation  will  be  made 
upon  this  most  interesting  mineral  as  soon  as  better  material 
can  be  obtained.  The  presence  of  this  r^ular  mineral,  natu- 
rally renders  it  impossible  to  refer  the  tiny  cirstals  observed 
upon  pachnolite  to  ralstonite  with  any  degree  of  certainty,  but 
we  are  inclined  to  believe  th'at  the  two  minerals  are  not  iden- 
tical. 

Gearksutite. 

This  mineral,  first  observed  by  Hagemann*  on  compact  thom- 
senolite,  and  described  as  earthy  and  kaolin-like  in  aspect,  dull, 
white,  opaque  and  of  hardness  2,  seems  to  be  so  rare  in  con- 
nection with  the  Greenland  fluorides,  that  no  one  has  had  mate- 
rial for  further  examination.  Grothf  found  it  in  very  small 
quantity  among  the  minerals  at  his  disposal,  but  could  not  ob- 
tain enough  for  anahsis.  He,  however,  found  that  it  consisted 
of  very  minute  microscopic  needles,  with  oblique  extinction, 
arid  considers  it  as  undoubtedly  a  definite  species. 

Among  the  minerals  from  St.  Peter's  Dome,  gearksutite  is 
quite  abundant  It  is  not  formed  from  other  minerals  by 
molecular  replacement,  but  is  deposited  from  solution,  in  the 
cavities  upon  fresh  crystals  of  pachnolite,  eta  Smaller  cavi- 
ties are  sometimes  filled  by  it,  and  on  the  contact  with  the 
quartz  it  is  specially  developed. 

In  appearance,  it  corresponds  closely  to  the  description  of  the 
Greenland  mineral,  as  given  by  Dana,  the  resemblance  to  the 

*  Dana,  System  of  Mineralogy,  6th  Ed.,  p.  130.     f  Groth,  L  a,  pp.  460  aiid4SL 
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purest,  finest  kaolin  being  especially  remarkabia  Examined 
microscopically,  ^earksutite  is  seen  to  consist,  as  stated  by  Prof. 
Oroth,  01  exceeaingly  minute  colorless  needles,  the  average 
length  of  which  is  less  than  0*02°^,  and  the  thickness  less  than 
0-002"^,  and  apparently  possessing  oblique  extinction. 

Chemicul  investigation, — Gearksutite  was  found  by  Hagemann 
(1.  c),  to  possess  the  following  composition : 

Al 15-52 

Ca 19-25 

Na 2-46 

H,0 ..20-22 

F 41-18 

98*63 

An  examination  of  the  above  results  shows  that  the  atomic 
ratio  of  Al :  Ca+Na, :  Fl  is  1:1:4,  instead  of  1:1:5  which 
would  represent  complete  saturation  and  require  about  12  per 
cent  more  fluorine  than  was  found.  On  the  assumption  tnat 
the  missing  fluorine  is  replaced  in  the  mineral  by  oxygen  or 
hydroxyl,  there  should  appear  a  much  greater,  loss  than  the 
analysis  indicates.  An  error  is  therefore  evident,  probably  in 
connection  with  the  determination  of  the  fluorine,  or  water,  or 
both,  in  consequence  of  which  the  construction  of  a  satisfactory 
forniiula  has  heretofore  been  impossible. 

The  material  for  the  following  analyses  was  first  partially 
crashed,  then  freed  from  admixed  heavier  particles  of  foreign 
matter  by  triturating  in  a  beaker  with  water,  the  impurities 
falling  to  the  bottom  of  the  vessel,  while  the  light  gearksutite 
remained  suspended  in  the  liquid  and  was  removed  by  decan- 
tation.  By  repeating  this  operation  a  great  many  times,  a  pro- 
duct w^s  finally  obtained  entirely  free  from  all  foreign  admix- 
ture It  was  allowed  to  settle  completely,  the  supernatant 
liquid  poured  off  and  the  residue  dried  first  on  the  water  bath, 
then  at  100°  C.  Thorough  pulverization  of  this  residue  is  a 
difficult  matter,  as  it  flattens  out  under  the  pestle,  forming 
flakes  which  strongly  resist  the  pulverizing  action.  This  is  of 
little  moment,  however,  since  the  flakes  are  so  spongy  as  to 
offer  no  hindrance  to  attack  by  sulphuric  acid.  Two  analyses 
were  made  from  the  same  sample,  with  the  results  tabulated 
below.     In  i,  sodium  and  potassium  were  not  determined. 

a.                           b.  Mean. 

Al 15-33  15-30  15-31 

Ca 22-29  2232  22*30 

Na 010                     0-10 

Ka 004  004 

H,0 15-54  15-39  1546 

F 42-14  4201  4207 

95-44  95-28 

Loss  as  oxygen.. 4-5 6  4*72 

100-OU  Tob^ 
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Taking  the  figures  in  the  third  column  and  combining  the 
fluorine  with  the  calcium,  sodium,  potassium,  and,  as  far  as 
possible  with  the  aluminium,  there  remains  of  the  latter  5'32 
per  cent,  requiring  4*66  per  cent  of  4te  oxygen,  an  amount 
agreeing  very  closely  with  that  obtained  above  by  diflference 
and  making  the  sum  total  almost  exactly  100. 


22-30  Ca  requires 
0-10  Na       " 
0-04  Ka       " 
9-99  Al        " 

21-18  F. 

0-08 

002 
20-79 

9-98  AlaO,  " 
15-46  HaO 
42-07  F 

42-07 

99-94 

The  agreement  of  the  above  analysis  with  that  of  Hagemann, 
after  substituting  in  the  latter  for  the  sodium  its  equivalent  Id 
calcium,  is  very  close,  with  the  single  exception  of  the  water. 
As  his  analysis  was  manifestly  erroneous  in  some  particular^ 
the  assumption  of  the  identity  of  gearksutite  with  the  mineral 
here  discussed  is  fully  justified,  supported  as  it  is  by  the  simi- 
larity in  occurrence,  appearance  and  physical  characteristics. 
His  error  would  then  consist  in  having  obtained  from  four  to 
five  per  cent  too  much  water,  a  result  not  difficult  of  expla- 
nation, in  the  case  of  a  hydrated  fluoride,  if  no  precaution  was 
taken  to  prevent  the  escape  of  fluorine. 

Substituting  in  the  mean  of  analyses  a  and  h  for  sodium  and 
potassium  their  equivalent  of  calcium,  and  dividing  the  percent- 
ages by  the  atomic  weights,  the  atomic  ratio  is  found  to  be  as 
given  below  : 


Al          15'31 

-7-  27-4 

=   0-569 

Ca         22-41 

-7-  40 

=   0-560 

H^  0     15-46 

-7-   18 

=    0-859 

0             4-06 

-r  1« 

z=   0-291 

F          42-07 

-^   19 

=    2-214 

The  ratio  of  Al :  Ca  :  F  is  here  nearly  as  1 :  1 :  4,  the  sam^^ 
as  found  by  Hagemann.  Subtracting  from  the  atomic  value  for* 
water,  an  amount  0*291  equal  to  that  for  oxygen,  in  order  to 
form  with  the  latter  hydroxyl,  the  result  is  as  given  under  I^ 
while  under  II  appears  the  ratio  referred  to  calcium  as  unity. 


I. 

II. 

Al 

0-550 

1-00 

Ca 

0-500 

1-00 

H,0 

0-568 

l-Ol 

HO 

0-582 

1-04 

F 

2-214 

3-95 

} 
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It  will  be  seen  that  by  combiniDg  hydroxyl  and  fluorine  the 
ratio  Al :  Ca :  H,0  :  (F,  OH)  is  1 :  1 :  1  :  5  and  the  formula  for 
the  mineral  becomes  CaF,,  A1(F,  0H)„  H,0,  in  which  ihe 
fluorine  and  hydroxyl  combined  with  the  aluminium  stand 
flearly  in  the  proportion  2  :  1.  Were  the  latter  proportion  ex- 
actly fulfilled,  the  formula  might  be  written  3CaF„  2A1F„ 
Al(OH),,  3H,0  requiring  the  percentages : 

Al  16-36,  Ca  22-42,  F  42*60,  O  4-49,  H,0  16-13  =  100-00 

Of  the  15-46  per  cent  of  water  found  l>y  analysis,  5*24  per 
tent  has  been  considered  in  the  foregoing  as  basic.  While 
.bis  amount  may,  on  theoretical  grounds  alone,  enter  into  the 
nner  constitution  of  the  mineral  as  basic  water,  the  remainder 
cannot,  but  must  be  water  of  crysUillization.  That  a  portion 
Df  the  water  is  basic,  is  rendered  more  than  probable  by  the 
•'act  that  at  300°  C.  some  is  still  retained.  In  this  coDnection, 
:he  following  experiments  were  made.  0*5677  gr.  of  the  min^ 
sral,  not  however  from  the  same  sample  as  that  used  for  anal- 
ysis, dried  first  at  100°  C.  and  contained  in  a  platinum  crucible, 
was  exjH>8ed  in  an  air  bath  during  145  hours  to  temperatures 
ranging  from  100°  C.  to  300°  C,  the  weight  being  taken  at  in- 
tervals averaging  ten  hours  each.  The  results  in  brief  showed 
that  at  146°  C,  the  loss  was  but  0*35  per  cent,  at  230°  C.  only 
0*92  per  cent,  at  250°  C.  7*02  per  cent,  after  prolonged  healing 
at  265-270°  C.  9*49  per  cent,  and  at  295°  C.  13  92  per  cent.  As 
no  further  loss  occurred  after  six  hours'  heating  at  295-300°  C, 
a  portion  of  the  residue,  which  still  retained  its  original  appear- 
ance, was  subjected  to  a  quantitative  test  for  water,  of  which 
1*76  per  cent  was  found.  This  added  to  the  13*92  per  cent 
driven  off  below  300°  C.  made  the  total  15*68  per  cent.  Since 
this  is  slightly  higher  than  the  mean  of  the  previous  results,  it 
seemed  possible  that  some  fluorine  might  have  escaped.  The 
remainder  of  the  residue  was  therefore  tested  quantitatively 
for  fluorine,  of  which  was  found  40**60  per  cent,  thus  proving 
the  correctness  of  the  surmise.  A  similar  experiment  with  the 
same  general  results  was  made  upon  a  smaller  portion  of  an- 
other sample.  A  comparison  of  the  full  results  of  both  experi- 
ments showed  that  by  suflBcieritly  prolonged  heating  at  approxi- 
mately 270°  C,  all  the  water  of  crystallization  could  be  driven 
oflF,  also  that  by  still  further  heating  at  little,  if  any,  higher 
temperature,  the  basic  water  began  to  escape,  but  was  not  en- 
tirely expelled,  even  after  many  hours'  exposure  to  a  temper- 
ature of  295-300°  C. 

In  the  Journal  of  the  Chemical  Society  for  1883,  page  140, 
Walter  Flight  describes  a  mineral  obtained  from  the  cryolite 
bed  of  Greenland.  "It  is  made  up  of  a  congeries  of  minute 
white  transparent  crystals,  mostly  broken  up  and  lying  en  tan- 
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gled  among  each  other  in  every  sort  of  direction,  which  gives 
the  mass  an  appearance  of  opacity  much  resembling  that  of 
kaolin  or  chalk.'' 

Chemical  analysis  showed  it  to  consist  of 


Al     16^3 
Ca    22-39 
Na     0-43 

with  F     33-64  =  49*87 
u     a     21-27  =  43-66 
"     "       0-33  =      0-76 

EquivaleDts. 

0-69 

1-12 

94-29 
Water        6-71 

0-63 

100-00 

The  fluorine  seems  to  have  been  calculated  for  the  metals,  and 
the  water  was  found  by  diflference. 

From  the  above  data  the  author  obtains  the  formula  2CaF„ 
A1,F„  2H,0,*  and  considering  the  mineral  new,  names  it 
evigtokite.  Mr.  Flight  seems  to  have  overlooked  the  descrip- 
tion of  gearksutite  m  Dana's  System  of  Mineralogy,  and  Prot 
Groth's  remarks  upon  the  same  (1.  c.  pp.  481  and  498),  else  the 
very  fair  agreement  of  his  analytical  data  for  the  metals  with 
those  of  Hagemann,  and  the  similarity  in  occurrence,  appear- 
ance and  physical  characteristics  of  the  two  minerals  must  nave 
led  to  at  least  a  suspicion  of  their  identity.  There  can  hardly 
exist  a  doubt  that  Flight  has  analyzed  gearksutite,  and  that 
the  name  evigtokite  is  therefore  to  be  dropped. 

Prosopitk. 

This  rare  species  hitherto  unobserved  in  association  with 
the  cryolite  minerals,  and  known  only  in  connection  with  the 
tin-bearing  veins  of  Altenberg,  in  Saxony,  has  been  identified 
in  both  veins  at, St.  Peter's  Dome.  It  is  most  abundant  in 
vein  B,  and  the  chief  description  of  it  will  come  under  that 
head,  but  close  examination  has  proved  its  presence  also  among 
the  minerals  of  vein  A. 

Both  of  the  coarsely  crystalline  specimens  of  pachnolite, 
above  described  aa  A  and  B,  have  prosopite  upon  them.  Spec- 
imen B  is,  in  parts,  in  process  of  alteration  to  a  dull,  white, 
porous  substance,  with  little  cavities  in  which  are  minute  crys- 
tals of  prosopite.     These  are  colorless,  transparent,  tabular  in 

shape,  showing  i-i  (010)  predominant,  /(llO),  1  (111)  and  -2-2 
(211),  agreeing  exactly  in  form  and  optical  behavior  with  those 
determined  as  prosopite  in  vein  B.  In  two  other  specimens  of 
pachnolite,  prosopite  tablets  may  be  seen  upon  certain  granular 
surfaces  when  decomposition  of  the  pachnolite  has  already 
begun.  The  crystals  are  usually  attached  by  the  prismatic 
edges,  although  free  and  perfect  terminations  are  to  be  found. 
Gearksutite  was  noticed  upon  them  in  one  specimen,  and  the 

*  Probably  a  printer's  error.     It  should  read  2CaFa,  AUFe,  HjO. 
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eition  of  prosopite  in  the  series  of  hydrous  fluorides  is  doubt- 
-J  between  thomsenolite  and  gearksutite.      No  material  for 
chemical  tests  could  be  procured  from  the  specimens  described. 
The  penetration  of  the  fluoride  mass  by  astrophyllite  blades 
springing  from  the  side  of  the  vein  has  been  mentioned  (p.  278). 
Here  the  cryolite  has  been  altered  to  cellular  pachnolite,  ac- 
cording to  the  first  mode  described,  and  this  has  for  the  greater 
part  given  way  to  other  products  or  been  dissolved  and  carried 
away,  leaving  the  astrophyllite  blades  more  or  less  free  or 
imbedded  in  gearksutite  and  other  soft,  crumbling  material. 
The  free  blades  usually  have  a  coating  composed  of  a  little 
purplish  fluorite  immediately  adjacent  to  the  blades,  and  over 
this  a  nearly  colorless  or  slightly  yellowish  substance.      At  and 
Inward  the  base  of  the  astrophyllite  blades  the  latter  is  present 
in  roundish  aggregates  made  up,  as  shown  by  the  loupe,  of 
^lear  tablets,  in  more  or  less  radiate  arrangement.     The  crystal 
^Orm  is  here  quite  obscure,  but  the  general  appearance  was 
^o  suggestive  of  prosopite  that  by  sacrificing  the  best  specimen 
^Tiough  material  was  obtained  for  determination  of  the  bases 
^tid  of  fluorine,  with  the  result  given  below — V,  p.  293. 

Vein  B. 

Description. — The  minerals  found  in  this   vein   have   been 

Exposed  by  the  **  Eureka"  tunnel  which  has  been  driven  ip 

Vjpon  it  for  one  hundred  feet  or  more.     Unfortunately  the  walls 

^re  so  blackened  by  the  smoke  from  the  blasting  that  the  rela- 

t^ions  of  the  different  mineral  bodies  encountered  to  each  other 

^^annot  be  clearly  seen,  and  the  data  liere  given   are  derived 

^rom  the  study  of  the  material  upon  the  dump  and  from  a  par- 

"^ial  examination  of  the  tunnel  walls  with  the  aid  of  a  hammer. 

The  main  part  of  the  vein  is  white,  massive  quartz  with  here 

^ind   there    immense   individuals    of  pinkish   feldspar,    which 

jproves  on  microscopical  examination  to  be  microcline  with  thin, 

irregular  )amina9  of  albite  intergrown  nearly  parallel   to   the 

mnacropinacoid.     This  microcline  is  sometimes  wholly  altered  to 

^ure  white,  coarsely  foliate  kaolin,  which  is  impregnated  with 

'sne  particles  of  galena. 

Smaller  and  apparently  wholly  irregular  parts  of  the  vein 
are  occupied  on  the  one  hand  by  quartz  containing  zircon  in 
^reat  abundance,  quite  e<jually  distributed  through  it,  and  on 
the  other  by  a  mass  of  mixed  fluorides.  The  quartz  contain- 
ing zircon  (see  this  Journal,  October,  1882,  page  284),  is  always 
sharply  defined  from  the  massive  white  -quartz  of  the  main 
vein  which  is  wholly  without  included  minerals.  The  zircon 
crystals  are  imbedded  largely  in  the  quartz  itself  and  to  a  less 
degree  in  compact,  white  Kaolinite,  a  greenish  yellow  mica,  and 
purple  or  green  fluorite.     These  three  minerals  fill  small  irreg- 
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ular  spaces  in  t];)e  quartz,  and  probably  replace  feldspar,  for 
they  are  also  found  on  fissure  planes  as  distinct  secondary 
deposits. 

The  kaolinite  is  usually  very  compact,  but  crystals  were 
found  in  some  small  cavities.  These  are  exceedingly  thin,  col- 
orless, transparent,  rhombic  leaves,  the  acute  angle  being 
usually  evenly  truncated,  producing  sometimes  an  almost  per- 
fect hexagon.  The  reault  of  many  measurements  under  the 
microscope  seems  to  indicate  that  the  obtuse  angle  of  the 
rhomb  is  slightly  less  than  120'',  the  best  results  varying  from 
118°  30',  to  119^  80'.  The  thinnest  leaves  show  distinct  action 
on  polarized  light,  and  extinguish  parallel  to  the  diagonals  of 
the  rhomb.  Th^  thicker  crystals  are  made  up  of  many  thin 
ones  which  are  usually  not  perfectly  coincident  in  position,  and 
sometimes  form  more  or  less  perfect  rosettes. 

The  mica  occurs  in  masses  or  foliated  upon  fissure  planes,  and 
no  crystals  have  been  found.  The  kaolinite  possesses  the  com- 
position I,  and  the  mica  II,  as  given  below.  The  kaolinite 
contained  a  small  amount  of  fluorite  in  almost  microscopic  cr^s- 
tab,  the  quantity  being  calculated  from  the  Ca  found. 


I. 

SiOa 46-93 

AlaOs 39-65 

H,0 13-77 

OaF, 0-84 


100-19 


II. 

SiOa 62-59 

AlaO, 29-72 

Fe,0, 1-40 

CaO 0-26 

MgO 2  12 

K,0 8-33 

NaoO 0-50 


IKO 


4-39 


99-31* 


The  fluorides  seem  to  fill  the  small  irregular  spaces  left  after 
the  deiHi^position  of  the  zircon-bearing  quartz,  the  thickness  of 
the  fluoride  mass  varying  from  a  thin  seam  to  possibly  two  or 
three  feet  They  are  always  sharply  defined  against  both  pure 
and  zircon -bearing  quartz,  the  contact  surfaces  of  the  former 
being  sometimes  apparently  huge  crystals. 

The  greater  part  of  the  fluoride  mass  is  now  dull  white  and 
very  compact,  and  is  evidently  made  up  of  a  mixture  of  at 
least  two  substances,  neither  of  which  has  as  yet  been  identi- 
fied. Only  in  a  single  specimen  is  there  any  clue  to  the  orig- 
inal mineral,  but  in  this  there  is  a  small,  solid  mass  of  unmis- 
takable cryolite  with  alteration  to  paci3nolite(?)  progressing 
upon  its  cleavage  planes  in  the  exact  manner  described  in  vein 
A,  but  passing  inXo  the  compact  white  mixture  already 
mentioned. 

Adjoining  the  quartz  is  usually  an  irregular  zone  of  purplish 
or  greenish  fluorite,  and  next  to  this  a  rather  coarsely  granular 

*  The  presence  or  absence  of  fluorine  was  not  ascertained. 
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mass  of  a  colorless  mineral  with  two  distinct  cleavage  planes 
^hich  passes  gradually  into  the  compact  white  substance. 
This  zonal  arrangement  is  not  without  exceptions,  for  both 
granular  and  compact  masses  come  directly  in  contact  with  the 
quartz  in  some  specimens,  and  fluorite  is  more  or  less  abund- 
antly sprinkled  through  the  other  substances;  in  fact  the  rela- 
tion of  the  minerals  to  each  other  is  such  as  to  indicate  that 
they  are  but  diflFerent  phases  of  alteration  from  a  common 
sonrce.  The  granular  mineral  occurs  in  sufl&cient  purity  to 
afford  material  for  chemical  analysis,  and  its  indiviauals  are 
large  enough  to  admit  of  the  preparation  of  thin  sections  with 
definite  relations  to  the  cleavage  planes.  The  analysis  first 
proved  the  identity  of  this  mineral  with  prosopite,  the  optical 
properties  shown  by  the  thin  section  confirmed*  this  determina- 
tion and  quite  recently  a  few  minute  crystals  were  found  in  one 
specimen  which  agree  with  the  published  data  on  the  Saxon 
mineral.  As  the  identification  of  this  rare  species,  particularly 
in  its  present  association,  is  a  matter  of  considerable  interest, 
we  will  describe  it  somewhat  in  detail. 

Prosopite. 

Crystalline  form  and  physical  properties, — The  minute  crys- 
Ws  found  in  a  single  specimen  from  vein  B  as  well  as  those 
observed  on  pachnolite,  etc.,  in  vein  A 
.p.  288)  are  au  of  the  habit  shown  in  the 
accompanying  figure.  This  is  from  a  camera 
Ucida  drawing  of  a  crystal  measuring  0'5"™ 
formal  to  the  edge  of  the  prism,  and  can 
herefore  make  no  pretensions  to  crystal- 
ographical  accuracy.  The  crystals  are  colorless  and  trans- 
>arent,  have  uniformly  a  tabular  form  through  the  develop- 
ment of  i-%  (010)  and  show  plainly  the  prism  and  two  pyramid* 

vhich  may  be  considered  as  1  (111)  and  —2*2  (211)  for 
extinction  takes  place  nearly  or  quite  parallel  to  the  edge 

»f  — 2*2,  which  is,  according  to  DesCloizeaux*  and  Groth,t  the 
H)9ition  of  the  bisectrix. 

Thin  sections  prepared  as  nearly  as  possible  perpendicular  to 
he  edge  of  the  two  cleavage  faces  in  the  irregular  granular 
ndividuals,  show  that  the  angle  of  the  cleavage  planes  is  very 
early  ISS**,  and  that  extinction  takes  place  parallel  to  the 
irection  bisecting  that  angle.  This  behavior  agrees  perfectly 
rith  the  statements  concerning  prosopite,  according  to  which 

be  chief  cleavage  is  parallel  to  —2-2,  the  angle  of  which  is 
bout  184**.  The  present  material  does  not  allow  of  a  definite 
3ttlement  of  the  question  of  the  crystalline  form  of  prosopite, 

♦  Bull  Soc.  Min.  de  Pr.,  v,  317.  1 1-  c»  P-  290. 
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but  nothing  observed  is  in  conflict  with  the  reference  to 
monoclinic  system. 

Chemical  investigation. — The   formula  deduced  by  Brai 
for  prosopite,  from  the  results  of  his  analysis  as  hei^e  givei 


Atomic  Talnee 

F 

3601 

1-842 

Al 

23-37 

0-863 

Oa 

16-19 

0-406 

Mg 

Oil 

0-004 

Na 

0-33 

0014 

H,0 

12*41 

0-689 

L088  as  oxygen, 

12-68 

0-786 

10000 

is  CaF,,  2A1(F,»0H),.  The  whole  of  the  water  is  assum< 
be  basic,  entering  with  oxygen  into  the  constitution  oi 
mineral  as  hydroxyl,  the  latter  replacing  an  equivalent  am 
of  fluorine.  In  support  of  this  assumption,  Brandl  men 
that  no  loss  is  perceptible  below  260°  C. 

In  an  earlier  partial  analysis,  Scheerer  (Pogg.  Ann.,  « 
561)  found 

Al  22-77,  Ca  16-41,  H,0  16-60 

Of  the  analyses  tabulated  below,  those  under  I,  II,  IT 
IV  were  made  upon  material  from  vein  B.  That  anal 
under  I,  a  and  i,  was  composed  of  comparatively  large  ir 
lar  crystalline  pieces,  showing  no  visible  impurity  what 
having  a  sp.  grav.  at  23°  C.  of  2  880  and  a  hardness  of  i 
4'5.  As  the  ratio  Al :  Ca  differed  materially  from  that  ol 
required  by  Brandl's  formula,  it  appeared  that  some  fo: 
matter  must  be  present,  consequently  no  further  determina 
were  made,  as  it  was  hoped  better  material  might  be  obta 

Analysis  II  was  made  upon  material  separated  from  qi 
zircon,  fluorite  and  other  accompanying  minerals  by  a  soli 
of  iodide  of  mercury  in  iodide  of  potassium.  The  result 
a  slight  improvement  upon  the  previous  and  the  analysis 
completed.  The  material  for  III  was  picked  out  care 
by  hand  with  the  aid  of  the  loupe,  but  as  the  result  was 
not  satisfactory,  a  further  portion  (IV)  aggregating  ho?i 
only  0*1022  gr.  was  selected  with  the  greatest  possible 
every  particle  being  distinctly  crystalline  and  showing  u 
the  microscope  no  trace  of  impurity.  Here  a  slight  imp 
nient  becomes  evident  in  the  ratio,  but  as  the  amount  take 
analysis  was  so  extremely  small,  it  cannot  be  asserted  tha 
better  results  may  not  be  due  to  unavoidable  errors  of  ana 
The  material  for  analysis  V  was  derived  from  vein  A,  whei 
prosopite  occurred  on  astrophyllite  associated  with  cry 
pachnolite,  etc.     This   material  was,   however,   evidentlj 

*  Ann.  de  Chem^  ccxiii,  p.  13. 
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[iiite  pure,  being  opaque  and  very  slightly  colored  in  part  by 
»zide  of  iron.  The  analysis  was  made  merely  to  prove  its 
deniity  with  the  prosopite  from  vein  B. 

I.  II.  ni.  IV.  V. 


a                        b 

\ 

Al          22-09             21-83 

2203 

22-28 

22-63 

21-79 

Ca          17-67             17-87 

16-92 

17-14 

16-80 

16  84 

Mg 

0-20 

«i   w    w   • 

015 

0-35 

Xa 

0-48 

«   w    w   • 

0-48 

0-79 

Ka         

www* 

•••WW 

W    •     w     • 

Oil 

H,0       .... 

13-54(13 

-37) 

WWW* 

• .  - . 

P 

- 

3314 
86-31 

33.22 

www* 

32-30 

Loss  as  ozygeiif 

- 

13-69 
100-00 

[^he  mean  of  all  the  results  under  analyses 

I-IV  is  as 

folio 

A I 

1217 

Ca 

17-28 

Mg 

0-17 

Na 

0-48 

a,o 

13-46 

F 

3318 
86-74 

Loss  as  1 

oxygsn, 

13-26 

100-00 

After  subtracting  from  the  fluorine  an  equivalent  for  the 
ealoium,  magnesium  and  sodium,  and  combining  the  remainder 
with  aluminium,  there  remains  of  the  latter  14*44  per  cent,  re- 

SQiring  12*65  per  Cent  oxygen,  instead  of  13*26  per  cent  found 
J  difference.     The  atomic  values  appear  as  follows,  after  sub- 
ttituting  for  magnesium  and  sodium,  an  equivalent  of  calcium  : 


A1 

22-17   + 

27-4 

0-809 

Ca 

17-98  + 

400 

0*449 

F 

33-18  -H 

19- 

1-746 

H,0 

13-46  -H 

18- 

0-748 

0 

12-65  -1- 

16- 

0-791 

[1-539  [3-285 


The  result  is  unsatisfactory,  the  ratio  of  Ca :  Al  being  as 
1:1*78  instead  of  1 :2.  In  none  of  the  material  analyzed  waa 
the  slightest  trace  of  kaolinization  to  be  observed,  nor  any 
other  foreign  matter.  It  therefore  becomes  impossible  to  ex- 
plain with  any  degree  of  certainty  the  above  abnormal  results. 

The  general  agreement  of  all  the  analyses,  the  aluminium 
being  found  too  low  and  the  calcium  too  high  in  each  case, 
shows  pretty  conclusively  that  an  explanation  cannot  be  sought 
for  in  analytical  errors. 

As  fluofite  occurs  here  always  in  most  intimate  association 
with  prosopite,  and  the  possibility  suggested  itself  that  some  of 
this  might  be  so  intergrown  with  tne  latter  as  to  escape  the 
closest  scrutiny,  it  became  desirable  to  ascertain  what  change 
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would  be  eflFected  in  the  ratio  above  given  by  sabtncting 
enough  calcium  to  make  the  ratio  Ca :  Al  as  1 : 2  and  an  eqai?. 
alent  amount  of  fluorine.     The  atomic  values  then  become: 


Al 

0-809 

Oa 

0-404 

F 

1-666 

HO 

1-639 

[3-196 


2-00 
1-00 
7*91 


which  agree  quite  as  well  for  the  formula  CaAl,(F,  OH),  as 
those  obtained  by  Brandl. 

If  instead  of  the  mean  of  all  the  analyses,  the  figures  of  II  i 
alone  are  taken  for  calculations  similar  to  the  above,  the  resuli 
is  the  same,  even  a  little  more  closely  approximating  to  the 
ratio  2:1:8. 

The  observation  made  by  Brandl,  that  below  260°  C.  no  loss 
in  weight  occurs,  was  found  to  apply  here,  provided  the  expo- 
sure to  this  degree  of  temperature  is  short  If  continued  for 
many  hours  a  slight  but  sensible  loss  is  observed. 

Denver,  Colorado,  June,  1883. 


Art.  XXXL — On  the  Origin  and  Hade  of  Normal  Faults;  by 

W.  J.  McGee.* 

Faults  may  be  either  normal  or  reversed  ;  i.  e.,  may  hade  to 
either  down-throw  or  up-throw.  Both  classes  are  probably  de- 
veloped by  movements  relieving  radial  strain  (either  simple  or 
differential),  tangential  thrust,  tangential  tension,  or  a  combina- 
tion of  these  stresses,  in  the  terrestrial  crust.  Only  those  due 
to  radial  strain  in  its  essential  combinations  are  here  con- 
sidered. 


a 


1. 


Let  contiguous  areas  of  a  homogeneous  rigid  tract  resting  on 
mobile  sub-stratum  (which  may  be  either  the  gaseous,  fluid  or 

^ua5t-solid  terrestrial  nucleus,  or 
a  yielding  layer  any  where  with- 
in the  exterior  shell)  be  in  un- 
stable equilibrium,  such  as  might 
arise  from  transference  of  sedi- 
ment, and  let  all  initial  stresses 
save  those  immediatelv  due  to 
the  disturbed  equilibrium  be  at 
first  supposed  eliminated.  In  I 
such  case  the  tract  will  suffer 
differential  radial  strain  culmin- 
ating in  the  plane  of  coincidence 
of  the  unstable  areas. 

*  Read  before  the  Iowa  Academy  of  Science,  May  SUt,  1S83. 
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Now  manifestly,  before  fracture  supervene  the  strain  will  be 
distributed  over  a  considerable  horizontal  zone,  and  will  be 
propagated  vertically  through  the  tract;  whence  the  resultant 
of  stresses  at  any  point  in  the  plane  of  imminent  faulting  will 
bisect  a  parallelogram  similar  to  that  whose  base  and  perpen- 
dicular are  respectively  the  Vidth  of  the  stressed  zone  and  the 
thickness  of  the  homogeneous  tract.  Make  such  parallelogram 
equilateral ;  denote  base  and  perpendicular  by  2n  and  2m 
respectively;  and  let  BC  be  the  depressed  sida  The  strain 
will  then  be  resolved  into  stresses  of  opposite  sign  acting  in  the 
directions  of  the  diagonals. 

If  now  fracture  relieve  tensile  strain  onl}',  it  will  occur  at 
right  angles  to  the  tension-diagonal  AC,  or  in  BD  ;  and  the 
fault  will  hade  to  the  up-throw.  Such  indeed  is  the  direction 
actually  taken  by  ice-stream  crevasses  (to  which  the  diagram 
will  equally  apply)  as  shown  by  Hopkins;*  for  in  slowly 
moving  ice  the  crushing^  strength  must  be  nearly  nil  and  the 
compressive-elasticity  infinite,  while  tensile  stress  probably  in- 
creases rigidity  and  brittleness,  and  thus  diminishes  the  tensile 
elasticity.f  And  were  the  antithesis  of  ice  existent  its  fracture 
under  the  like  stresses  would  occur  at  right  angles  to  the  com- 
pression-diagonal, or  in  AC,  and  its  fault  would  hade  to  the 
down-throw. 

But  the  materials  of  faulted  tracts  possess  both  tensile  and 
crushing  strengths,  and  also  tensile  and  compressive  elasticities. 
Denotine  these  in  their  order  by  t^  c,  t'  and  c',  the  values  iXV 
and  cXc  are  obtained  for  the  moments  of  fracture  orthogonally 
to  the  diagonals  AC  and  BD  respectively ;  which  values  may 
be  represented  by  a  and  6,  whose  sum  is  proportional  to  2n. 
Obviously,  if  a  and  b  be  equal,  the  fracture  will  bisect  the  angle 
of  the  diagonals  in  nO;  but  if  a  be  in  defect  (as  in  crystalline 
solids  generally)  the  hade  will  ever  be  to  the  up-throw  in  the 
an^le  y,  whose  tangent  is  {n'-a)m.  From  this  expression  the 
hade  of  fault  in  any  greatly  attenuated  tract  of  determinate 
stress-parallelogram  "and  known  strength  and  elasticity  might 
be  readily  computed. 

If  the  case  oe  modified  by  the  introduction  of  initial  tan- 
gential stress,  such  stress  will  operate  through  mO  with  inten- 
sity i,  and  tend  to  produce  fracture  in  nO.  If  the  stress  be 
tensile  it  must  be  less  than  a,  and  will  at  once  relieve  BD  and 
strain  AC  proportionally  to  its  intensity  by  the  cosine  of  the 
angle  formed  by  its  direction  and  that  of  the  latter  diagonal, 
ana  thus  (denoting  such  angle  by  d)  reduce  a  by  t  cos  On  ;  when 

the  expression  for  hade  will  become  tan  y=(n— a— i  cos  ^r2)m, 

♦  TWin*.  Camb,  PhU.  Soc.,  viu,  (pt.  ii,  1844,  163-7.) 

f  Vide    *0n  Mazimuni  Synchronous  Glaciation,  III,  1,  2:  Proc.  A.  A.  A.  S., 
ndk  1880,  497. 
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and  the  hade  will  ever  diverge  from  the  normal.     Conversely, 
if  the  stress  be  compressive  the  relation  will  beoome  tao  y^ 

(n— a-ficos  ^w)m  or  tan  x=(n— 6— icos^n)m  as  the  case  may 

2  be,  and  the  hade  will 

ever  approach  the  nor- 
mal ;  out  if  it  become 

______________  normal  the  tendency 

.■.,.,.M;r..r,...,^K.;Hff?;xz^l  ^  movemcnt  will  be 

counteracted  and  a 
disposition  to  produce 
dragged  fault  or  flexure  will  be  engendered  ;  since  the  devel- 
opment of  normal  faults  demands  that  the  lateral  extent  of 
the  faulted  tract  shall  increase  from  T  to  T+(ian  hxd)  where 
h  is  angle  of  bade  and  d  the  vertical  displacement 

(The  case  in  which  tangential  thrust  is  predominant,  and  tbe 
tendency  hence  toward  ordinary  reversed  faults,  complex  fold- 
ing and  tumefaction,  falls  beyond  the  scope  of  this  discussion.) 

it  thus  appears  that  the  general  disposition  of  differential 
radial  strain,  either  singly  or  combined  with  tangential  strains, 
is  to  form  reversed  faults. 

Let  the  case  be  farther  modified  by  the  introduction  of  sim- 
ple vertical  stress  apart  from  those  due  to  the  unstable  equilib- 
rium. Were  the  stress  tensile,  its  effect  would  be  analogous  to 
that  of  tangential  tension ;  but  since  general  vertical  tension 
without  predominant  tangential  thrust  is  inconceivable  (whence 
the  sum  of  tensile  vertical  stresses  is  always  in  defect),  and 
since  local  vertical  tension  must  equally  react  on  adjacent 
couches^  the  effect  of  such  stress  is  nugatory.  But  if  the  stress  be 
compressive  it  will  equally  relieve  AC  and  strain  BD,  and  thus 
diminish  b\  and  since  within  the  crushing  strength  of  the  ma- 
terial of  the  tract  there  is  no  limit  to  this  stress,  b  will  be  re- 
duced to  b—v  cos  0711,  where  v  is  such  vertical  stress,  and  the 

original  expression  for  bade  will  become  tana:=(n— 6— vco8(?7n)m; 
when  the  fault  may  hade  strongly  to  the  down-throw. 

The  natural  case  favorable  to  profound^  faulting  arises  in 
such  an  unstable  tract  as  has  been  assumed  within  which  exist 
vertical  stresses  due  to  its  own  weight  and  sufficient  initial  ten- 
sion to  admit  of  free  lateral  movement  as  rupture  occurs.  In 
such  case  the  strain  in  BD  and  the  disposition  to  give  way  in 
AC  will  progressively  increase  downward  until  the  crushing 
strength  of  the  material  is  reached  ;  whence  the  fault  due  to  radial 
strain  must  originate  with  normal  hade  in  a  deep-seated  hypogeal 
couche,  and  (since  rupture  in  each  couche  will  throw  the  strain 
on  the  next  higher)  must  be  propagated  upward  with  proara- 
sively  diminishing  hade,  which  may  eventually  become  nothing 
or  even  reversed  ;  while  below  the  couche  of  origin  the  fradwtt 
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^i  give  place  to  plastic  flexure.  The  full  expression  for 
nent  of  iractare  and  angle  of  hade  in  this  case  is  tan  a;= 

-6— vcos/?m+icos^n)77i ;  and  since  the  several  factors  may 
ipproximately  evaluated  it  follows  that  the  regimen  of  faults 
ned  under  given  conditions,  and  conversely  the  conditions 
ing  rise  to  faults  of  known  regimen,  are  roughly  deter- 
late. 

Jelow  the  couche  of  origin  the  substance  of  the  tract  must 
in  the  condition  of  ice  in  a  Brahma  press  or  of  lead  in  a 
e  machine ;  and  for  the  purposes  of  the  present  discussion, 
;or  the  purposes  of  physical  geology  generally,  it  is  imma- 
al  whether  the  mobility  be  molar  or  molecular.  Obviously 
h  substratum  would  be  equivalent  in  eflfect  to  the  quasi- 
d  terrestrial  nucleus  assumed  at  the  outset 
f  the  unstable  equilibrium  were  due  to  transference  of  sedi- 
at,  the  sub-surface  strata  would  be  compressed  beneath  the 
3ed  area  and  allowed  to  expand  under  the  lightened  area, 
I  the  throw,  as  measured  by  corresponding  strata,  would 
sequently  increase  toward  the  surface, 
n  profound  faulting,  such  as  is  here  considered,  minor  de- 
tures  of  the  plane  of  fracture  from  the  plane  of  maximum 
»8  may  be  neglected,  since  (1)  the  irregularities  would  be 
itively  slight,  and  since  (2)  incipient  movement  would  tend 
eliminate  all  such  irregularities. 

Vactures  of  the  origin  and  character  here  contemplated  may 
lenominated  Normal  Faults  of  the  First  Order. 

let  a  homogeneous  rigid  tract  be  subjected  to  simple  ver- 
1  compressive  stress  due  to  its  own  weight.  Within  the 
its  of  its  elasticity,  resulting  vertical  compression  will  be 
3ved  by  lateral  extension  ;  but  beyond  such  limits  lateral 
58  will  be  in  defect,  and  fracture  may  occur  in  each  prism  of 
stratum  of  imminent  crushing  just  as  if  it  were  independ- 
and  unsupported  laterally.  Now  as  shown  by  Hodgkinson,* 
ture  in  crushed  prisms  of  crystalline  texture  occurs  diago- 
y  to  the  direction  of  stress  and  separates  the  prism  into 
[ge-shaped  segments;  whence  the  stratum  of  incipient 
aining  may  develop  a  series  of  diagonal  fractures  eacn  bi- 
ing  a  prism  of  height  equal  to  the  thickness  of  the  stratum 
of  width  determined  by  the  constitution  and  texture  of  the 
«rial  fractured.  Only  so  much  movement  of  the  pyramidal 
mentscan  occur  as  will  serve  to  equalize  vertical  and  lateral 
sacs:  the  hade  will  ever  be  normal;  and  from  the  center 
aach  plane  of  fracture  the  throw  will  progressively  increase 
vard  and  downward  to  the  apices  of  the  contiguous  seg- 
Qt8.     Such  may  be  termed  Normal  Faults  of  the  second  order. 

*Cit0d  by  Rankine,  "GItU  Engineering,"  4th  ed.,  1865,  235. 
M.  JOUB.  SoL^TBISD  SSBIB8,  VOL.  XXVI,  No.  154.— OcT.,  1888. 

so 
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Let  a  homogeneous  rigid  tract  resting  on  a  mobile   substra- 
tum, or  a  tract  consisting  of  alternate  rigid  and  yielding  strata, 
be  subjected  to   vertical  compressive  stress  due   to  its  own 
weight ;  and  let  the  rigid  portion  be  traversed  by  oblique  plahes 
of  fracture  or  of  weakness  due  to  any  cause.     Each  rigia  pyr- 
amid, prism  or  wedge  bounded  by  such  planes  will  then  seek 
a  hydrostatic  equilibrium  and  will  sink  into  or  be  upraised  by 
the  mobile  substratum  to  a  degree  determined  by  tne  area  of 
its  base  and  its  mass,    and  the  initial    planes  of  fracture  or 
weakness  will  become  faults  of  normal  hade.     As  in  faults  of 
the  first  order,   beneath  the  couche  in  which  pressure  equals 
crushing  strength  fracture  will  give  place  to  flexure;  and,  since 
the  behavior  of  any  yielding  stratum  will  simulate  that  of  the 
mobile  substratum,  if  there  be  alternations  of  rigid  and  yield- 
ing strata,  or  if  all  strata  be  imperfectly  rigid,  the  throw  will 
increase  toward  the  surface. 

Dislocations  of  this  character  may  be  designated  Normal 
Faults  of  the  Third  Order.  The  principles  involved  in  their 
development  were  long  ago  pointed  out  by  Hopkins,*  and  are 
now  too  generally  recognized  to  require  thorough  analysia 

Except  in  the  last  case  the  influence  of  joints  in  determin- 
ing the  regimen  of  faults  may  be  neglected ;  for  joints  are 
known  to  be  superficial,  while  faults  are  deep-seated. 

Since  the  movements  contemplated  in  the  second  case  must 
be  confined  to  strata  of  limited  thickness,  while  in  the  third 
case  the  assumption  of  profound  initial  fractures  or  planes  of 
weakness  is  unwarranted,  the  grander  faults  of  the  globe  must 
be  referred  to  other  causes  ;  and  since  diflPerential  radial  strain 
is  an  adequate  cause,  while  the  phenomena  of  profound  nor- 
mal faults  are  collectively  such  as  differential  radial  strain  tends 
to  produce,  the  hypothesis  that  these  faults  are  due  to  such 
strains  is  warranted,  and  is  here  enounced. 

If  the  hypothesis  be  valid,  it  will  afford  the  means  of  coordi- 
nating faults  and  flexures  ;  it  will  at  once  sustain  the  suggestion 
of  Gilbertf  that  Appalachian  flexures  and  Cordilleran  fractures 
are  but  diverse  manifestations  of  identical  movementa,  and  ren- 
der the  amount  of  denudation  which  the  former  region  has 
suffered  roughly  determinate  ;  it  will  go  far  toward  demonstra- 
ting that,  whatever  be  the  condition  of  its  interior,  the  terres- 
trial crust  is — as  already  indicated  by  Dutton:j: — in  hydrostatic 
equilibrium ;  and  it  will  afford  a  new  vantage-point  from 
which  many  of  the  complex  problems  of  orology  and  terres- 
trial physics  may  be  approached. 

Salt  Lake  City,  Utah,  March  23d,  1883. 

♦"Researches  in  Physical  Geology,"  Phil.  Tran^.  Bay.  Sac,  1842,  i,  63. 
+  "  U.  S.  Geog.  and  Geol.  Surveys  West  of  the  100th  Meridian,"  III,  Geology, 
1875.  62. 
i  Notice  of  Fisher's  "  Physics  of  the  Earth's  Crust."  this  Journal,  xxiii,  1883, 288. 
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fliRT.  XXXII. — On  the  Sensitiveness  of  the  Eye  to  Slight  Differ- 
ences  of  Color ;  by  Benjamin  Osgood  Peirce,  Jr. 

AuBERT  has  shown*  by  his  experiments  with  revolving 
liscs  that  the  eye  is  able  to  detect  the  change  produced  by  the 
iddition  of  1  part  of  white  light  to  360  parts  of  colored  light, 
nd  that  perceptible  changes  in  hue  can  be  brought  about  by 
dding  to  light  of  any  color  less  than  1  per  cent  of  light  of  a 
iiflferent  color.  He  infers  from  this  that  a  normal  eye  could 
listinguish  at  least  one  thousand  different  hues  in  the  solar 
pectrum. 

At  the  suggestion  of  Professor  Wolcott  Gibbs,  I  have  made 
I  few  experiments  to  test  the  sensitiveness  of  the  eyes  of  differ- 
nt  people  to  slight  changes  of  wave-length  in  different  parts  of 
he  spectrum. 

For  this  purpose,  a  long,  thin  sheet  of  vulcanite  was  inserted 
eDgthwise  into  the  collimator  of  a  large  spectroscope  so  as  to 
livide  the  tube  into  an  upper  and  a  lower  hall  The  lower 
)art  of  the  tube  received  light  from  a  fixed  slit,  the  upper  part 
rom  a  movable  slit  of  the  same  width,  which  could  be  set 
jxactly  over  the  other,  or  displaced  to  the  right  or  to  the  left 
The  amount  of  displacement  was  determined  by  means  of  a 
iteel  scale  fastened  to  the  upper  slit  and  moving  with  it  past  a 
ixed  zero  point.  The  light  from  the  collimator  fell  upon  a 
Rutherfnrd  diffraction-grating  of  about  17,000  lines  to  the 
nch,  and  the  resulting  spectra  were,  then  thrown,  one  above 
:he  other,  into  the  observing  telescope.  A  blackened,  metallic 
liaphragm,  out  of  which  two  narrow  slits  had  been  cut  in  the 
same  vertical  line,  was  placed  in  the  eye-piece  of  the  telescope, 
K>  that  when  the  two  collimator  slits  were  even  the  observer 
jaw  merely  two  narrow  strips  (one  over  the  other)  of  the  same 
3olored  light  on  a  black  field.  When  the  movable  collimator 
alit  was  displaced,  the  color  of  the  observer's  lower  strip  was 
shanged  without  changing  its  position  in  the  fields  and  the  object 
af  the  experiments  was  to  see  how  small  a  displacement  could 
be  infallibly  detected  and  named  in  direction  by  the  observer. 

The  width  of  the  collimator  slit  was  about  -25°™  and  the 
alit  in  the  eye-piece  diaphragm  was  nearly  of  the  apparent  size 
of  the  collimator  slits  as  seen  through  the  telescope.  The  length 
of  that  part  of  the  spectrum  which  was  so  bright  as  to  be  easily 
studied  (say  from  Li  a  to  G)  extended  over  more  than  12 
d^rees  of  arc  as  measured  in  the  instrument,  and  the  width  of 
the  strip  seen  by  the  observer  was  about  5  minutes  of  arc,  so 
that  not  more  than  the  y^  part  of  this  brighter  part  of  the 
spectrum  was  in  the  field  at  the  same  time. 

♦  " Physiologie  der  Netzhaut,"  Breslau,  1865,  pp.  132-164;  Rood,  "Modem 
Oiromatics,"  pp.  39-41. 
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In  no  case  was  the  observer  able  to  detect  any  difference 
between  the  colors  of  the  two  edges  of  a  strip;  each  strip 
seemed  to  be  of  one  color  throughout. 

It  was  necessary  to  regulate  very  carefully  the  Argand 
burner  used  as  a  source  of  light,  for  the  least  difference  in  the 
intensities  of  the  two  spectra  made  the  strip  of  the  brighter 
seem  to  the  observer  yellower  than  the  corresponding  strip  of 
the  other  spectrum.  This  error,  due  to  the  "color  of  bright- 
ness,"* was  most  apparent  in  observations  made  at  the  extremi- 
ties of  the  spectrum,  i.  e.  in  the  red  and  the  violet. 

A  displacement  of  the  movable  collimator  slit  amounting  to 
1  scale  division  corresponded  to  4  minutes  of  arc,  or  to  a  differ- 
ence .in  wave-length  of  -0000013°^. 

The  observer  sat  in  a  darkened  room  and  directed  the  tele- 
scope to  that  part  of  the  spectrum  in  which  the  observations 
were  to  be  made.  After  an  assistant  had  placed  the  movable 
collimator  slit  even  with  the  other,  and  the  observer  had  seen 
to  it  that  under  these  circumstances  the  strips  of  light  in  the 
eye- piece  seemed  just  alike — as  they  should — the  observer  took 
his  eye  away  from  the  instrument,  and  the  assistant  dimlaoed 
the  movable  collimator  slit  and  asked  the  observer  to  Iook  into 
the  telescope  and  to  tell  him,  from  the  colors  of  the  stripfli  in 
which  direction  the  slit  must  be  moved  in  order  to  be  even 
again  with  the  fixed  slit.  If  the  displacement  was  very  luve, 
the  observer  was  able  to  tell  immediately  how  to  move  tne 
slit  in  order  to  match  the  colors  of  the  strips;  if  in  successive 
trials  the  displacements  were  made  smaller  and  smaller,  a  place 
was  reached  where  the  colors  of  the  strips  did  not  seem  well 
matched  to  the  observer,  but  where  he  could  no  longer  say 
with  confidence  in  which  direction  the  movable  slit  had  been 
displaced. 

The  smallest  displacements  which  the  observer  could  infal- 
libly detect  and  name  were  determined  at  different  places  in  the 
spectrum,  and  it  soon  appeared,  as  was  to  have  been  expected, 
that  the  magnitude  of  these  displacements  was  very  different 
with  the  same  person  for  different  colors  and  not  by  any  means 
alike  with  different  persons  for  the  same  color. 

Though  the  results  seemed  at  first  somewhat  irregular,  I 
found  that  the  same  series  of  results  were  invariably  obtained 
with  the  same  person,  even  though  the  experiments  were  sepa- 
rated by  days  or  weeks,  and  that  certain  features  were  common 
to  all  the  series  obtained  with  the  different  observers. 

The  largest  displacement  needed  (except  at  the  ends  of  the 
spectrum)  by  any  of  the  observers  corresponded  to  a  difference  in 
wave-length  of  the  middle  of  the  two  strips  of  about  'OOOOOS"", 
and  the  smallest  displacement  which  any  observer  could  infal* 

*  0.  S.  Peirce,  ''Note  on  the  Sensation  of  Ck>lor8,"  this  Journal,  April,  1877. 
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ibly  detect  corresponded  to  e.  difference  in  wave-length  of  only 
X>00005'".  This  last  is  rather  remarkable,  for  although  no 
'ne  coald  see  any  difference  between  the  colors  of  the  edgea  of 
ither  of  the  strips,  a  displacement  which  made  the  color  of  the 
aiddle  of  one  strip  the  same  as  that  of  an  edge  of  the  other 
ometimes  made  the  two  strips  distinguishable. 

There  was  a  singalar  uniformity  in  the  performance  of  differ- 
nt  eyes  as  judgea  by  the  average  of  these  displacements  foi 
he  whole  visible  spectrum.  Perhaps  smaller  difi'erences  might 
lave  been  detected  if  the  strips  had  been  narrower,  but  the 
rork  proved  to  be  so  trying  to  the  eyes  that  I  thought  it  best 
lot  to  experiment  further. 

FroQi  a  series  of  observations  made  by  a  number  of  different 
Krsona  and  extending  over  several  months,  two  or  three  gen' 
■islI  conclusions  may  be  drawn.  To  make  these  evident,  I  have 
>lolted  a  curve  by  laying  off  over  different  places  in  the  spec- 
ram  ordinates  obtained  by  averaging  in  each  case  the  least 


isplacements  distinguishable  by  the  different  observers  at  that 
oinL  The  general  features  of  this  curve  appeared  in  the 
laalta  of  every  observer. 

In  all  cases,  the  eye  was  most  sensitive  to  changes  in  a  color 
ightly  less  refrangible  than  ihat  of  the  sodium  line,  though 
lis  color  varied  somewhat  with  different  persons,  being  m 
)rae  cases  more  orange  and  in  others  more  yellow.  In  all 
ises  the  eye  was  more  sensitive  to  changes  in  the  color  corres- 
onding  to  the  F  line  than  to  changes  in  colors  lying  half-way 
etween  b  and  F. 

In  many  cases,  though  not  in  all,  the  eye  was  less  sensitive 
)  changes  in  a  red  near  the  G  line  than  to  a  somewhat  darker 
3d  beyond  the  Lithium  line.  In  the  darker  colors  at  the  ends 
f  the  spectmm  it  was,  of  course,  very  hard  to  distinguish  small 
ifferencea. 

In  addition  to  these  general  features  there  were  in  most  of 
he  curves  obtained  by  plotting  the  results  of  the  different 
tbservers  lesser  maxima  and  minima  which  showed  peculiarities 
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m  the  diflferent  eyea     These  peculiarities  appeared  unchanged 
in  every  set  of  observations  taken  by  the  same  person. 

I  wish  to  express  my  obligations  to  Professor  Gibbs  for  his 
advice  and  for  the  loan  of  apparatus,  to  Professor  J.  P.  Cooke, 
who  kindly  placed  at  my  service  the  magnificent  spectroscope 
made  for  him  by  the  Clarks,  and,  among  others,  to  Professor 
W.  E.  Byerly,  Professor  C.  R  Lanman  and  Messra  F.  B.  Knapp, 
E.  B.  Lefavour  and  E.  S.  Sheldon  for  their  kindness  in  helping 
me  with  their  observations. 

^    Cambridge,  Aug.,  1883. 


Abt.  XXXIII. — Injm^  sustained  hy  the  Eye  of  a  Trilobite  at  the 
time  of  the  Moulting  of  the  Shell;  by  Charl£S  D.   Walcott. 

Mr.  William  P.  Rust,  of  Trenton  Falls,  N.  Y.,  called  mv 
attention  some  time  since  to  the  eyes  of  a  small  but  very  perfect 
specimen  of  Illcenus  crassicauda,  from  the  Trenton  limestone, 
that  he  has  in  his  beautiful  collection  of  Trenton  fossils. 

The  left  eye  is  perfect;  the  visual  surface  is  clearly  defined, 
and  in  the  sunlight  almost  translucent  between  the  darker  base 
and  the  curve  of  the  facial  suture  above.     The  right  eye  at  first 
sight  appears  to  have  been  broken  in  working  away  the  matrix, 
but  a  close  examination  shows,  as  Mr.  Rust  expressed  it,  that 
the  eye  had  been  put  out  while  the  animal  was  living.     This 
is  shown  by  the  peculiar  growth  of  the  shell  about  the  aperture 
formerly  occupied  by  the  visual  surface  of  the  eye.     The  mar- 
gins flre  turned  in,  rounded  and  contracted,  and  the  size  of  the 
palpebral  lobe  materially  lessened.     An   injury  to  the  visual 
surface  would  scarcely  produce  this  eflect  if  the  shell  was  hard. 
If  slightly  injured  before  the  moulting  of  the  shell,  the  separa- 
tion would  be  imf)erfect  and  the  visual  surface  carried  away  with 
the  old  shell  would  leave  a  cavity  around  which  the  new  shell 
would  form  as  in  the  eye  before  us.     If  injured  before  the  new 
shell  had  hardened,  that  efi'ect  might  be  produced,  but  the  prob- 
abilities are  that  the  loss  of  the  visual  surface  occurred  at  the 
time  of  the  moulting  of  the  old  shell. 

Among  the  thousands  of  trilobites  that  have  passed  through 
my  hands  in  which  tlie  eyes  were  preserved,  I  have  never  no- 
ticed any  distortion  or  injury  that  occurred  during  the  life  of 
the  animal.  In  a  few  instances,  tlie  shell  of  the  pygidiuni  of 
Asaph  us  platt/cepha  his  has  shown  evidence  of  local  fracture  that 
appears  to  have  occurred  during  the  life  of  the  animal,  but 
these  were  very  unsatisfactory.  To  Mr.  Rust's  skill  in  work- 
ing out  the  specimen  described  and  also  in  detecting  the  char- 
acter of  the  injured  eye,  we  are  indebted  for  some  positive 
information  of  an  injury  sustained  during  the  moulting  of  the 
shell  of  a  trilobite. 
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Art.   XXXIY.—Dip  of  the  Bocks  in  Central  New  York;  by 

Professor  S.  G.  Williams. 

From  a  careful  study  of  the  outcrops  of  the  Tully  limestone 
over  an  extent  of  more  than  eighty  miles  east  and  west,  in 
the  counties  of  Yates,  Seneca,  Tompkins,  Cayuga,  Cortland, 
Onondaga  and  Madison,  data  have  been  obtained  for  an  approxi- 
mate determination  of  the  dip  of  the  strata  in  that  part  of  the 
state.  This  limestone,  from  its  numerous  bold  outcrops  in  the 
nearly  meridional  valleys  of  the  lakes  and  streams  of  the  coun- 
ties named  above,  forms  a  very  convenient  stratum  for  this  pur- 
pose ;  whilst  the  elevation  of  the  lakes  of  central  New  i  ork 
above  mean  tide,  and,  beyond  the  region  of  the  lakes,  the  best 
attainable  railroad  levels,  have  given  the  means  of  obtaining 
approximately  the  height  of  this  great  sheet  of  rocks  above  the 
sea  level,  at  many  important  points,  by  observations  with  the 
aneroid  barometer,  often  several  times  repeated  and  verified 
by  readings  at  many  stations. 

The  height  of  the  north  outcrop  of  the  Tully  between  Seneca 
and  Cayuga  Lakes  has  been  determined,  by  levelling,  to  be 
739  feet  above  the  sea,  or  292  feet  above  Seneca  Lake.     From 
this  point  S.W.  to  the  sharp  .synclinal  bend  figured  in  Hall's 
Report  on  the  4th  District,  at  page  212,  is  four  miles,  in  which 
the  strata  descend  252  feet  or  63  feet  per  mile ;  or  if  we  disre- 
gard this  sharp  local  bend  and  two  other  smaller  ones  farther 
south,  and  extend  the  observation  to  the  point  of  final  disap- 
pearance in  the  town  of  Lodi,  a  distance  of  7*8  miles  25®  west 
of  south,  the  dip  is  37^  feet  per  mile.     From  this  same  point, 
which  is  362  feet  above  Cayuga  Lake,  to  Little  Point  on  that 
lake,  where  the  Tully  is  carried  below  the  lake  level  by  a  syn- 
clinal bend  and  remains  submerged  for  four  and  a  fourth  miles, 
is  a  distance  of  about  ten  miles  S.  42°  E. ;  the  dip  is  therefore 
36  feet  per  mile.     Little  Point  is  4*73  miles  S.  10°  W.  from 
King's  Ferry  on  the  east  side  of  Cayuga  Lake,  where  the  Tully 
is  225  feet  above  the  lake,  giving  a  dip  in  this  case  of  47^  feet 
per  mile. 

From  King's  Ferry  to  Lake  Eidge  on  the  east  aide  of  Cayuga 
Xake,  a  distance  of  a  little  more  than  44  miles  S.  13°  E.,  the 
strata  descend  190  feet,  a  dip  of  42^  feet  per  mile,  and  observa- 
tions extended  northward  from  King's  Ferry  show  that  this 
Tate  of  dip  holds  good  for  more  than  six  miles  farther.     From 
these  data  and  others  of  the  same  purport,  I  judge  that  the  dip 
of  the  strata  in  the  Cayuga  Lake  region,  north  of  the  bend 
immediately  to  be  mentioned,  is  at  least  45  feet  to  the  mile  and 
in  a  direction  probably  about  ten  degrees  west  of  south. 

On  the  west  side  of  Cayuga  Lake  south  of  Little  Point,  after 
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the  Tully  has  been  submerged  for  more  than  four  miles,  it  rises 
again  from  the  lake  and  makes  an  arch  of  4*4  miles  span  and 
160  feet  in  extreme  height,  descending  to  the  south  at  the  rate 
of  80  feet  to  the  mile  and  northward  67  feet  per  mile.     On  the 
opposite  side  of  the  lake,  the  limestone  immediately  north  of 
the  arch  is  nowhere  fully  submerged,  but  after  continuing  nearly 
horizontal  for  about  three  miles,  rises  into  an  arch  of  over  six 
miles  span,  the  highest  observed  point  of  which  is  285  feet 
above  tne  lake.     From  this  point  the  dip  to  the  south,  which  is 
much  the  most  rapid,  is  110  feet  per  mile.     In  his  Report  on 
the  Third  District  of  New  York,  p.  167,  Vanuxem  attempts  to 
show  that  this  arch  is  not  a  real  upward  bend  of  the  strata  bat 
only  an  apparent  one  caused  by  a  bend  of  Cayuga  Lake  to  the 
southeastward.     It  is  a  sufficient  answer  to  this  theory  to  state 
that  on  the  west  side  of  the  lake,  the  outcrops  of  the  Tullj, 
when  laid  down  on  an  accurate  map,  for  more  than  nine  miles, 
including   the   whole   disturbed    region,   do   not   deviate  five 
degrees  from  a  straight  line.     A  line  drawn  through  the  lowest 
points  of  the  synclinal  on  Cayuga  Lake  passes  through  the 
sharp  synclinal  bend  on  Seneca  Lake  before  alluded  to,  and 
strikes  the  outlet  of  Crooked  Lake  near  a  point  where  the  Tullj 
has  apparently  suffered  a  fault  of  about  a  hundred  feet     This 
line  has  a  direction  of  about  W.  27°  N. 

Disturbances  similar  to  those  on  Cayuga  Lake,  but  less  in 
extent,  occur  on  both  sides  of  Seneca  Lake,  involving,  however, 
in  the  vicinity  of  Lodi,  two  subordinate  bends  of  a  few  feet 
each,  which  appear  on  both  sides  of  the  lake. 

The  northernmost   observed    outcrop  of  the  Tully    in   the 
Owasco  Lake  valley  is  a  mile  west  of  Scipio  station  on  Owasco 
Lake.     This  outcrop  is  1110  feet  above  the  sea,  from  which, 
to  the  lowest  point  of  the  synclinal  on  Cayuga  Lake,  there  is  a 
descent  of  730  feet  in  about  seventeen  miles,  or  43  feet  per  mile 
southwesterly.    From  the  same  point  southeastward  to  the  most 
southern  exposure  in  the  Owasco  valley,  there  is  a  descent  of 
810  feet  in  nine  miles,  or  34  feet  per  mile.     Some  not  very 
reliable  data,  extending  over  a  space  of  nine  miles  between 
Owasco  and  Skaneateles  Lakes,  show  an  apparent  dip  of  at  least 
40  feet  per  mile  S.S.W,  but  there  is  good  reason  for  believing 
that  this  is  less  than  the  reality.     On  Skaneateles  Lake  the  dip 
of  the  Tully  from  its  north  outcrop  near  Borodino,  Onondaga 
county,  to  Glen  Haven,  at  the  heed  of  the  lake,  is  210  feet  in 
five  and  a  half  miles,  or  38  feet  per  mile  a  little  east  of  south. 
Hence  there  is  no  good  reason  for  thinking  that  in  the  valleys 
of  Owasco  and  Skaneateles  Lakes  the  dip  of  the  rocks  varies 
materially  from  that  in  the  Cayuga  Lake  region. 

East  of  Skaneateles  Lake  but  three  useful  points  have  yet 
been  obtained  and  these  only  approximately.     One  of  these, 
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Pickett's  Bfill,  in  Fabius,  Onondaga  county,  shows  the  Tally 
about  1680  feet  above  the  sea.  A  second  station,  over  a  mile 
east  of  DeRayter  village,  Madison  county,  is  distant  from  the 
first  six  and  a  half  miles  in  a  southeasterly  direction  and  is 
about  260  feet  lower,  a  dip  of  40  feet  per  mile.  The  third 
station,  near  the  village  of  Cuyler,  in  Cortland  county,  is  also 
six  and  ahalf  miles  from  the  first,  a  little  west  of  south,  and  is 
about  865  feet  lower,  being  a  dip  of  56  feet  per  mile.  Hence  it 
would  seem  that  the  dip  of  the  strata  increases  somewhat 
toward  the  east,  and  is  there  also  directed  a  little  west  of  south. 
The  distances  given  in  this  article  for  the  Cayuga  Lake 
region  were  obtained  by  scale  from  an  accurate  map  of  Cayuga 
Lake  made  by  the  Engineer  Department  of  Cornell  University, 
and  are  doubtless  correct.  The  remaining  distances  were 
taken  by  scale  from  Asher  and  Adams*  Atlas  of  New  York, 
verified  by  comparison  with  a  large  map  of  New  York  and 
with  the  best  attainable  county  maps,  and  can  be  considered 
only  as  reasonable  approximations ;  still  the  substantial  agree- 
ment of  results  from  data  derived  from  several  difierent  sources 
makes  me  confident  that  they  mav  be  relied  on  as  reasonable 
approximations  to  the  dip  of  the  strata  over  the  region  in 
question. 

Ooraell  Uniyersity,  Ithaca,  N.  Y.,  Aug.  3. 


Art.  XXXV. — Physiological   Optics;  by   Thomas  William 

Backhouse. 

Thbbe  are  some  points  in  Mr.  W.  LeConie-Stevens's  papers, 
published  in  this  Journal,  to  which  I  take  exception,  though 
other  points  I 'must  confirm. 

The  papers  so  to  disprove  Brewster's  theory  that  the  mode 
of  judgment  of  distance  in  binocular  vision  is  by  the  optic 
angle,  interpreted  by  means  of  triangulation.  Some  of  Stevens's 
objections  to  this  theory  seem  to  fde  to  be  untenable.  I  gather 
that  he  regards  LeConte's  theory  as  insufficient,  though  he 
partly  accepts  it*  I  shall  proceed  to  criticize  some  of  Stevens's 
remarks. 

Vol.  zxiii,  p,  291. — He  discards  the  theory  of  visual  lines 
and  of  corresponding  retinal  points,  and  substitutes  that  of  asso- 
ciated muscular  action.  But  if  this  be  the  true  one,  must  it 
not  first  be  derived  from  observation  of  the  intersection  of 
visual  lines? 

I  understand  the  theory  of  corresponding  points  to  be  that 
the  brain  causes  each  point  on  one  retina  to  appear  to  coincide 
with  a  point  on  the  other,  and  that  these  coincident  points  are 
mfariaDlj  the  same.     Stevens  doubts  this,   though  I  do  not 
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well  understand  how  far  his  theory  of  "partially  col*respondeat 
retinal  areas '^^  differs  from  it.  But  even  in  this  modified 
theory  he  considers  "  this  correspondence  must  be  considered 
merely  the  effect  of  association  resulting  from  oft-repeated 
experience."  But  surely  experience  would  be  far  more  easily 
learned  if  based  on  some  anatomical  or  mathematical  fact  than 
if  there  were  no  such  basis  to  go  upon ;  and  therefore  it  seems 
to  me  that  there  must  be  such  a  basis,  and  that  it  is  conse- 
quently very  improbable  that  the  theory  of  corresponding 
points  can  be  incorrect.  Nevertheless,  the  facts  he  gives  in 
volume  xxiv,  page  241,  etc.,  and  page  331,  etc.,  perhaps  point 
in  this  direction  showing,  as  they  do,  that  the  brain  is  often 
unconscious  of  double  images,  and  also  that  stereoscopic  relief 
is  obtained  when  the  time  is  too  short  to  allow  much  play  of 
the  muscles  upon  different  objects  in  view.  Indeed,  when 
spectral  after-images  are  binocularly  viewed  there  can  be  no 
play  of  the  muscles.  Is  it  possible,  then,  that  we  judge  of  dis- 
tance by  the  brain  uniting  similar  points  of  the  two  images, 
even  when  they  are  not  on  corresponding  points  of  the  retinas,  and 

i'udging  by  the  distance  from  the  actual  corresponding  points? 
jeConte^s  theory f  seems  more  probable,  viz:  that  we  judge 
partly  by  observing,  perhaps  often  unconsciously,  that  objects  are 
double,  and  more  accurately  by  moving  the  point  of  sight  back- 
ward and  forward  by  the  muscles,  converging  the  eyes  success- 
ively on  the  different  distances  in  sight  I  think  that  observa- 
tions on  persons  who  habitually  squint  would  throw  much  light 
on  these  questions;  but  they  are  not  easily  made. 

Vol.  xxii,  p.  444. — From  the  experiment  on  viewing  parallel 
lines  by  divergent  vision  it  looks  as  though  the  brain  judged 
more  of  the  relative  distance  of  different  objects  than  of  absoluU 
distance.  Stevens  suggests  this  in  volume  xxiii,  page  356, 
lines  1  to  4.  Likewise,  geometrical  forms  viewed  in  a  stereo- 
scope do  not  give  any  idea  of  absolute  distance  but  only  of  rel- 
ative distance.  I  take  this  to  be  owing  to  the  conflict  of  focal 
and  axial  adjustment. 
VoZJCXillxP^o^  294,  etc. — This  paper  shows  that  we  can  judge  of  dis- 
tance pretty  well  when  axial  and  focal  adjustments  agree,  but 
not  otherwise.  This  is  not  surprising  when  it  is  considered^ 
that  there  must  always  be  three  elements  that  influence  our 
judgment  of  distance,  viz: 

1.  The  optic  angle,  interpreted  through  the  rectus  muscles 
of  the  eye-balls. 

2.  The   focal    adjustment,    interpreted    through   the  ciliarj 
muscles. 

*  Vol.  ixiii,  p.  359.  f  Vol.  ii,  p.  3. 

J  See  p.  292  and  vol.  xxii,  p.  360,  though  in  the  list  in  the  latter  place  foal 
adjustment  is  somehow  omitted. 
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The  visaal  angle,  or  apparent  size  of  the  obiect 
the  experiments  in  the  paper  in  question  these  three  ele- 
i  conflict  with  one  another.  It  is  therefore  no  argument 
St  Brewster's  theory  to  find  that  the  judgment  is  at  fault, 
f  the  eyes,  by  means  of  triangulation  of  the  object,  say 
vely  that  it  is  at  a  certain  distance  (as  in  the  experiments 
ige  294),  while  the  ciliary  muscles  say  equally  positively 
it  is  at  another  distance,  how  is  the  brain  to  decide? 
is  it  gives  paramount  weight  to  one  mode  of  judgment  it 
naturally  conclude  that  the  true  distance  is  somewhere 
^n  the  two.  In  the  experiment  on  pages  296  and  296  oa 
attern  combined  by  axial  divergence,*  there  is,  in  addi- 
the  judgment  by  the  visual  angle  to  contradict  the  other 
s.  This  is  really  judgment  by  parallax  of  motion,  so  that 
wo  modes  of  judging  parallax  clash — that  bv  motion  and 
by  triangulation  (according  to  Brewster's  tneory.)  It  is 
irprising  that  the  former  outweighs  the  latter.  Brewster's 
y  IS,  therefore,  not  contradicted  hy  the  experiments.  His 
y  is  that  the  parallax  of  the  object  observed  by  the  two 
tells  us  its  distance.  In  ordinary  circumstances  this  must 
with  the  much  larger  parallax  obtained  by  moving  from 
lace  to  another ;  but  in  this  experiment  the  two  are  con- 
Jtory,  the  brain  naturally  prefers  to  judge  by  the  larger 

AX. 

je  297. — The  apparent  curvature  of  the  "  phantom  wall  " 
probably  be  explained  in  the  same  way.  I  have  tried  to 
e  experiment  as  far  as  possible,  but  as  my  eyes  have  not 
asticity  of  Stevens's  (and  probably  LeConte's  and  Brews- 

I  have  not  had  much  success ;  it  is  therefore  only  a  sup- 
on  that  these  observers  focussed  their  eyes  upon  the  real 
The  eflFect  of  this  would  be  that  while  the  ciliary  mus- 
rould  tell  them  the  image  was  at  the  true  distance  of  the 
the  rectus  muscles  (or  the  triangulation),  would  say  that  it 

great  deal  nearer,  and  therefore  they  would  judge  that  it 
eally  at  an  intermediate  position.  Now,  while  ^as  stated 
ige  297)  "^'it  is  an  obvious  geometric  necessity  that  the 
of  the  phantom  surface  must  be  a  plane  parallel  to  the  " 
this  is  only  true  as  long  as  it  is  judged  to  be  at  the  dis- 
calculated  by  triangulation.  If  it  is  judged  to  be  more 
it,  and  the  angle  enclosed  by  the  optic  axes  therefore 
er  than  it  really  is,  it  will  be  a  geometric  necessity  that 
irface  will  appear  curved,  convex  to  the  eye. 
9  nearest  approach  I  can  make  to  this  experiment  is  a& 
7B :  I  hold  a  small  object,  say  a  thin  stick,  between  my 
md  a  wall  paper,  on  which  is  a  regular  pattern,  in  such  a 

len  there  is  optic  diyergence,  as  it  represents  an  impossibility,  of  course  it 
mflict  with  the  focal  adjustmeot. 


SOS  T,  W,  Backhouse — Physiological  Optics, 

way  that  the  stick  comes  between  one  eye  and  one  part  of  the 
pattern,  and  between  the  other  eye  and  a  corresponding  part  of 
the  pattern.  By  looking  at  the  stick  a  short  while,  especially 
if  it  is  moved  uboat  in  or  near  the  plane  parallel  with  the  wall, 
the  pattern  is  soon  seen  as  a  phantom  at  the  exact  distance 
from  the  eyes  that  it  should  be  by  triangulation,  i.  a,  at  the 
same  distance  as  the  stick  is  when  placed  as  described  above. 
The  eyes  are  focussed  on  the  stick,  and  therefore  the  phantom 
is  very  much  out  of  focus ;  but,  inasmuch  as  there  is  no  dis- 
sociation between  the  focal  and  axial  adjustments,  the  brain 
does  not  judge  that  the  phantom  is  out  of  the  focus  but  that 
the  pattern  is  really  of  an  indefinite  character,  with  all  its  out- 
lines softened  and  irregularities  toned  down.  I  assume  that 
the  diflFerence  between  this  experiment  and  that  of  Brewster, 
LeConte  and  Stevens  lies  in  the  focal  adjustment  The  resnlt 
is  that  the  wall  generally  appears  to  me  perfectly  flat 

In  three  of  the  observations,  when  the  optic  angle  was 
between  84°  1  and  45°,  I  suspected  a  slight  convexity  of  the 
phantom ;  indeed,  in  one  case  I  thought  it  decided ;  but  in 
another,  when  the  optic  angle  was  31°,  I  at  times  suspected 
that  it  was  slightly  concave.  In  all  other  cases  (up  to  an  optie 
angle  of  42° *9),  it  was  perfectly  flat  In  some  cases,  usually 
with  a  large  optic  angle,  there  was  a  slight  appearance  of  curv- 
ature in  the  straight  lines  on  the  wall,  convex  to  the  point  of 
sight:  but,  on  the  other  hand,  in  two  cases  I  suspected  they 
were  concave  to  the  point  of  sight.  This  appearance  of  curva- 
ture in  the  straight  lines  was  sometimes  connected  with  an 
appearance  of  curvature  of  surface,  and  sometimes  with  a  flat 
surface.  I  cannot  account  for  the  illusion,  which  did  not  fol- 
low any  perceptible  law  ;  it  may  perhaps  have  been  caused 
by  the  patterns  used. 

The  largest  optic  angle  I  could  observe  with  was  45°  (dis- 
tance of  phantom  3*04  inches).  Stevens  does  not  say  how 
large  an  angle  is  necessary  to  produce  the  effect  of  a  convex 
surface,  so  it  may  be  that  my  want  of  any  decided  success  is 
owing  to  not  having  compassed  a  large  enough  angle. 

In  these  experiments  the  nearest  point  at  which  I  could  see 
an  object  in  perfect  focus  was  4*5  inches  (optic  angle  3I°'0),  and 
if  my  theory  is  correct  it  may  be  that  the  suspicion  of  convex- 
ity with  large  optic  angles  is  owing  to  the  stick  not  being  in 
focus  ;  i.  e.,  to  its  being  impossible  for  me  to  obtain  a  focal  ad- 
justment corresponding  to  the  axial  adjustment,  though  it  is 
very  probable  that  the  strain  on  the  ciliary  muscles  in  endeav- 
oring to  bring  it  into  focus  is  sufficient  to  prevent  the  judg- 
ment of  distance  by  means  of  the  optic  angle  from  being  mate- 
rially warped  by  that  through  the  ciliary  muscles. 

If  the  eyes  range  about  over  the  phantom  wall  and  the  stick 
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s  also  moved  till  it  is  apparently  placed  exactly  in  the  plane  of 
,he  phantom,  I  have  found  that  it  is  then  exactly  parallel  with 
;he  real  wall.  At  least,  in  eight  independent  observations  and 
neasurements  of  its  position,  the  maximum  deviation  from  par- 
allelism was  only  1®  10',  and  the  average  deviation  80',  which 
!S  not  more  than  would  be  expected  from  errors  of  observation. 

After  getting  the  eyes  well  accustomed  to  the  phantom  it  is 
possible  to  observe  it  for  some  little  time  after  taking  the  stick 
stway  (especially  if  the  optic  angle  is  not  large),  before  the  eyes 
relapse  into  the  position  for  viewing  the  wall  naturally ;  dur- 
ing this  time  the  focus  is  apt  to  lengthen,  but  the  phantom 
continues  to  appear  flat. 

Vol.  xxiii,  pp.  298-301. — These  experiments  are  of  quite  a 
different  character  from  that  of  the  phantom  wall,  inasmuch  as 
the  optic  axes  are  nearly  parallel,  thus  essentially  changing  the 
conditions.  For  the  brain  is  perfectly  conscious  of  the  differ- 
ence, and  judges  accordingly.  It  is  most  unlikely  that  the 
canrature  of  the  retina  (p.  298),*  has  anything  to  ao  with  the 
phenomenon,  which  is  easily  explained  on  page  299,  without 
reference  to  it.  But  the  explanation  of  the  effect  on  the  points 
F  and  G  appears  to  be  incorrect,  the  fact  being  that  combina- 
tion is  effected  not  between  corresponding  points  on  the  two 
circles  but,  since  a  circle  always  appears  as  an  ellipse  in  per- 
spective whatever  way  it  is  viewed,  different  points  in  the  two 
tre  combined,  viz :  points  having  the  same  retinal  latitude. 

I  have  not  access  to  Eogers's  paper  on  the  combination  of 
x>ints  differing  in  latitude,  but  I  apprehend  this  can  be  effec- 
;ed  only  by  moving  the  optic  axis  of  one  eye  higher  up  than 
.bat  of  the  other,  so  that  the  images  of  the  two  points  still  fall 
)n  corresponding  points  of  the  retina.  As  I  have  just  shown, 
;be  experiment  here  described  does  not  bear  on  the  subject, 
md  therefore  cannot  in  the  least  invalidate  the  theory  of  cor- 
responding points. 

vol.  xxiii,  p.  357. — I  have  seen  stereographs  of  the  moon 
ihowing  it  in  relief,  but  these  are  always  obtained  by  combin- 
ing two  photographs  taken  at  different  times  when  the  moon's 
face  by  its  rotation  has  been  brought  into  a  different  position. 
I  have  never  seen  a  stereograph  of  the  sun,  but  if  Stevens's 
statement  is  correct  I  have  no  aoubt  that  the  one  he  alludes  to 
was  produced  in  the  same  way.  I  do  not  dispute  Stevens's  re- 
mark that  a  very  minute  difference  between  two  pictures  is  suffi- 
cient to  produce  the  effect  of  relief;  but  these  statements  about 
stereographs  of  the  sun  and  moon,  if  not  explained,  are  calcu* 
lated  to  give  an  exaggerated  idea  of  this. 

SunderUuid,  Joly  11,  1883. 

*  And  ToL  zxiT,  p.  243. 
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L  Chemistry  and  Physics. 

1.  Possible  Vdriahility  of  the  Law  of  Definite  Prajpartions,-^ 
In  the  July  number  of  this  Journal  n>age  63  of  this  volame), 
Professor  Barker  has  given  a  very  full  summary  of  the  views  of 
Boutlerow  on  this  subject,  which  have  been  recently  presented 
to  the  Chemical  Society  of  Paris  by  Wurtz,  and  emphatically 
endorsed   in  the  discussion  which  followed  by  Schutzenberger. 
The  opinion  was  then  and  there  clearly  expressed  that  the  "  chem- 
ical value  "  of  a  constant  weight  (or  rather  mass)  of  a  substaoce 
might  var^,  and  that  the  so-called  atomic  weight  of  an  element 
mi^ht  be  simply  the  carrier  of  a  certain  amount  of  chemical  energy 
which  is  variable  within  narrow  limits ;  and  further  the  question 
was  asked  whether  "  Prout's  hvpothesis  may  not  be  a  true  law 
which  like  that  of  Mariotte  admits  of  a  limited  variation.**    More- 
over numerous  facts  were  cited,  chiefly  results  of  quantitatire 
analysis,  which  seemed  to  confirm  the  views  thus  expressed.    Saoh 
opinions  are  certainly  very  revolutionary,  and,  ii  they  pre?iil. 
must  entirely  change  the  fundamental  conceptions  of  cnemiosl 
philosophy,     (chemical  combination  can  no  longer  be  regarded  as 
the  juxtaposition  of  the  definite  invariable  masses  we  oiul  atomi, 
but  must  be  considered  as  the  "  reciprocal  saturation  '*  or  **  inter 
penetration  "  of  masses  which  may  vary  with  the  relative  strength 
of  their  chemical  energy  acting  at  the  time  ;  and  this  change  of 
the  fundamental  conception  is  inconsistent  with  the  atomic  theory 
and   with  the   superstructure  which  modern  chemistry  has  built 
upon  it. 

In  the  connection  above  referred  to  it  is  stated  that  Boutlerow 
had  held  the  views  then  advanced  for  the  past  three  years.  Such 
views  are,  however,  by  no  means  new.  They  were  not  only  ex- 
pressed, but  fully  worked  out  by  the  writer  more  than  twenty-five 
years  ago.  They  were  presented  to  the  American  Academy  of 
Arts  and  Sciences  in  1855  and  fully  developed  in  a  paper  pub- 
lished in  the  Memoirs  of  this  Academy  (New  Series,  voL  v,  p.  837) 
*'  On  Two  New  Crystalline  Compounds  of  Zinc  and  Antimony 
and  on  the  Cause  of  the  V^ariation  of  Composition  observed  in 
their  Crystals."     The  same  subject  was  also  discussed  in  a  paper 

Published  in  this  Journal,  "  On  an  Apparent  Perturbation  of  the 
aw  of  Definite  Proportions  observed  in  the  Compounds  of  Zinc 
and  Antimony  "  (Second  Series,  vol.  xx,  1855).  In  these  papers  the 
0})inions  now  under  discussion  were  brought  forward,  not  simply 
as  speculations,  but  as  a  legitimate  theory,  which  was  advanced  to 
explain  the  facts  observed  in  a  long  and  laborious  investigation  of 
the  order  of  the  variation  in  the  composition  of  certain  well-defined 
crystals,  obtained  by  the  author  from  alloys  of  zinc  and  antimonv 
of  different  percentage  composition  by  the  "  method  of  fusion. 
Alloys  were  crystallized  diflfering  by  from  one-half  to  five  percent, 
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according  to  circumstances,  from  the  alloy  containing  05  per  cent 
of  zinc  to  that  containing  05  per  cent  of  antimony,  and  analyses 
were  made  of  the  crystals  thus  obtained.  Two  well-marked  types 
of  crystals,  and  only  two,  were  obtained  corresponding  to  the  com- 
position Sb,Zn,  and  Sb,Zn, ;  but  it  was  found  that  while  crystals 
of  the  first  type  might  be  made  either  with  an  excess  of  idnc  or 
an  excess  of  antimony,  the  crystals  of  the  second  type  would  only 
tfiike  an  excess  of  zinc ;  and  the  whole  order  of  the  phenomena 
indicated — first,  the  action  of  a  force  tending  to  unite  the  metals  in 
one  of  two  definite  proportions ;  secondly,  tue  effect  of  the  excess 
of  one  or  the  other  metal  in  the  alloy  tending  to  disturb  this 
result;  thirdly,  the  interference  of  the  two  compounds  with 
each  other  in  alloys  of  intermediate  composition.  The  results 
were  plotted  and  a  curve  drawn  showing  the  order  of  the  varia- 
tion, and  this  curve  indicates  plainly — first,  the  strong  tendency  of 
the  chemical  force,  and  secondly  the  disturbing  effect  of  the  ex- 
<!e88  of  either  metal  in  the  alloy.  Moreover,  the  manner  in  which 
these  two  influences  modified  each  the  other's  action  seemed  to 
preclude  the  supposition  that  the  results  could  be  the  effect  of  a 
simple  mechanical  enclosure  by  the  growing  crystals.  For  all 
these  details  we  must  refer  to  the  papers  cited.  We  will  only 
[juote  a  few  sentences  which  indicate  the  drift  of  the  writer's  opin- 
ions at  the  time. 

**  In  the  absence  of  any  known  principle  of  chemical  science  by 
which  the  remarkable  variations  of  composition  that  have  been 
iemonstrated  in  this  memoir  can  be  explained,  the  conclusion  is 
almost  forced  upon  us  that  zinc  and  antimony  are  capable  of  unit- 
ing and  producing  definite  crystalline  forms  in  other  proportions 
than  those  of  their  chemical  equivalents ;  in  other  words,  that  the 
law  of  definite  propoi-tions  is  not  so  absolute  as  has  been  hitherto 
supposed." 

^  Accepting  the  view  of  the  subject  that  has  been  offered,  it 
will  be  ODvious  that  the  very  large  extent  of  the  variation  in  the 
compounds  of  zinc  and  antimony  is  due  to  the  very  weak  afSnity 
between  these  elements.  Were  the  chemical  force  stronger  in 
proportion  to  the  disturbing  force,  the  variation  would  be  les- 
sened ;  were  it  weaker,  the  variation  would  be  increased." 

"  To  what  extent  this  perturbation  of  the  law  of  definite  propor- 
tions prevails  among  cnemical  compounds,  it  must  remain  ifor 
future  investigation  to  determine.  There  are,  however,  a  number 
of  facts  which  tend  to  prove  that  it  is  very  general  whenever 
chemical  afilnity  is  weak.''    Examples  are  cited  m  the  memoir. 

^'  If  yariations  in  composition  of  such  magnitude  are  possible 
when  the  force  of  chemical  affinity  is  weak,  it  is  highly  probable 
tjiat  some  variation  may  occur  when  the  force  is  strong ;  and 
whateyer  view  may  be  taken  of  the  cause  of  the  variation,  it  will 
now  become  a  matter  of  importance  to  ascertain  whether  many 
discrepancies  of  analysis  hitherto  referred  to  imperfections  in  the 
process  may  not  be  owing  to  the  same  cause  which  influences  the 
composition  of  the  crystals  of  the  antimonides  of  zinc. 
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"The  definite  proportions  I  regard  as  a  maximum  toward 
which  the  chemical  force  strives,  a  maximum  from  which  the 
deviations  in  most  cases  are  small,  although  in  others  they  mav  he 
very  large ;.  and  I  maintain  that  this  view  of  the  subject,  which 
the  memoir  has  aimed  to  establish,  is  supported  by  the  analogies  of 
nature. 

**  I  have  shown  in  a  former  memoir  that  these  numbers "  (the 
equivalent  numbers)  **  may  be  connected  by  a  very  simple  numer- 
ical law,  but  here,  as  in  other  cases,  we  nnd  merely  a  tendency 
towards  the  law,  not  an  absolute  agreement  with  it,  the  differ- 
ences between  the  theoretical  and  the  experimental  equivalents 
being  in  many  cases  too  great  to  be  covered  by  errors  of  observa- 
tion. The  present  memoir  may  throw  light  upon  these  dfscrep- 
ancies ;  for,  to  say  the  least,  it  is  possible  that  the  differences  may 
originate  in  variations  of  the  equivalent  itself,  and  that  the  theo- 
retical equivalent  may  be  the  maximum  towards  which  the  chemi- 
cal force  tends." 

In  a  subsequent  paper  entitled  "  Crystalline  Form  not  necessa- 
rily an  Indication  of  Definite  Chemical  Composition,  or  on  the 
Possible  Variation  of  Constitution  in  a  Mineral  Species  independ- 
ent of  the  Phenomena  of  Isomorphism,"  published  in  the  Philo- 
sophical Magazine  (June,  1860),  during  a  visit  to  London,  the 
writer  shows  that  whatever  explanation  may  be  given  of  the 
variations  of  composition,  which  he  had  previously  described,  such 
variations  must  necessarily  modify  the  composition  of  many  crys- 
talline mineral  products.  Examples  are  cited  in  which  this  is 
obviously  the  case,  and  it  was  proposed  to  designate  by  the  word 
"  Allomerisin  ''  *'  a  variation  in  the  proportions  of  the  constituents 
of  a  crystallized  compound  without  any  change  in  the  crystalline 
form." 

Now  when  after  twenty-five  years  the  same  question  is  revived^ 
although  without  any  reference  to  previous  work  on  the  sub- 
ject, and  the  same  opinions  are  expressed  under  conditions  more 
likely  to  give  them  currency,  it  becomes  interesting  to  enquire 
whether  the  progress  of  chemistry  during  the  interval  has  tended 
to  oontirm  or  invalidate  these  views.  So  far  as  the  writer  i& 
aware  no  investigation,  except  his  own  already  referred  to,  has 
been  directed  to  the  exact  point  in  question,  and  in  none  of  the 
analytical  results  which  have  been  more  recently  cited  as  possible 
examples  of  variation  in  the  combining  proportions  has  it  been 
conclusively  shown  that  the  discrepancies  may  not  result  from 
causes  such  as  will  he  considered  below. 

During  the  last  twenty-live  years,  however,  a  more  extended 
knowledge  h.as  been  acquired  of  that  class  of  indefinite  chemical 
compounds  which  like  the  alloys  seem  to  occupy  an  intermediate 
position  between  definite  composition  and  solution.  Such  com- 
pounds for  example  as  many  of  the  hydrates  and  silicates  m 
whioh  it  is  impossible  to  mark  the  limits  between  chemical  and 
mechanical  action.  As  in  the  case  of  the  crystalline  compounds 
of  zinc  and  antimony,  so  in  all  such  cases,  some  mechanical  a^ 
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ion, — Buch  as  is  manifested  in  what  we  call  solvent  power, — seems 

0  modify  the  chemical  force:  but  in  no  case  except  the  tirst 
las  any  attempt  been  made  to  investigate  the  interaction  of 
he  two.  The  atomic  theory  explains  such  cases  of  indefinite  com- 
dnation  by  distinguishing  between  atomic  and  molecular  union, 
nd  it  regards  the  complex  products  as  resulting  from  an  aggre- 
;ation  of  dissimilar  molecules,  in  each  of  which,  however,  the  Taw 
i  definite  proportion  rigorously  holds.  It  is  necessary,  how- 
ver,  in  many  cases  to  assume  the  existence  of  very  complex 
lolecules,  and  the  doctrine  of  interpenetration  certainly  gives  a 
impler  conception  of  this  class  of  pnenomena. 

On  the  other  hand  the  extension  of  our  knowledge  has  either 
roaght  to  light  new  facts  or  given  prominence  to  old  ones, 
rfaicn,  by  explaining  anomalies,  have  tended  to  confirm  the  atomic 
leoiy.  It  has  been  found  that  crvstals  have  a  very  remarkable 
:>wer  of  enclosing  foreign  materials  in  their  structure,  so  that 
;  times  the  crystallizing  material  forms  but  a  small  portion  of 
le  reaulting  mass.  If  a  crystal  may  enclose  material  wholly 
^reign  to  its  composition,  why  may  it  not  enclose  an  excess  of 
ther  of  its  ingredients  ?  There  can  be  no  doubt  that  in  such 
ksefl  the  amount  of  material  thus  enclosed  depends  to  a  greater 
*  lesB  extent  on  the  chemical  force,  and  there  is  a  continuity  in 
le  composition  of  the  products  whieh  makes  it  difficult  to  dis- 
DK^iBh  between  the  material  controlled  by  the  chemical  force 
id  that  which  is  not,  and  gives  at  least  the  appearance  that  the 
nount  so  controlled  may  be  variable. 

On  the  assumption,  however,  of  the  existence  of  molecules  and 
uOniB  it  is  a  very  probable  hypothesis,  that  when  we  bring  to- 
ether  in  solution  or  in  fusion  substances  capable  of  yielding  defi- 
Lte  compounds,  the  number  of  molecules  of  such  compounds 
lat  would  form  at  any  one  time  must  depend — certainly  among 
ther  conditions— on  the  strength  of  the  chemical  force  as  well 
B  on  the  proportion  of  the  several  materials  present.  When, 
oWy  crystals  form  in  such  a  menstruum  we  should  expect  that 
rhile  the  molecules  of  the  definite  compound  would  aggregate 
ogether,  the  crystalline  structure  thus  formed  would  enclose,  to 
greater  or  less  extent,  molecules  of  one  or  the  other  of  the  constit- 
.ents  of  this  compound  if  present  in  excess,  and  the  amount  of  such 
nclosare  must  depend  on  the  relative  proportion  of  the  molecules 

1  the  menstruum ;  and  this  proportion,  as  we  have  seen,  must  have 
leen  already  determined  by  the  strength  of  the  chemical  force. 
[liUB  might  arise  such  a  regulated  variation  of  composition  as  the 
writer's  investigation  indicated.  The  extent  of  the  formation  of 
aoleoules  of  definite  composition  in  the  menstruum  would  obvi- 
»a8ly  be  regulated  by  conditions,  whose  action  would  determine 
10  break  of  continuity ;  but  the  segregation  of  these  molecules  in 
he  formation  of  crvstals  would  cause  at  once  a  sudden  change. 
Crystallization  is  always  a  break  of  continuity,  and  although  the 
crystalline  structure  may,  as  we  have  seen,  enclose  forei^  ma- 
larial to  a  very  large  extent,  yet,  as  the  writer's  investigation 
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proved,  there  is  always,  even  in  extreme  cases,  a  tendency  to 
exclude  such  material,  a  tendency  which  is  the  more  efTeetual  in 
proportion  as  the  crystalline  molecules  preponderate  in  the  meo- 
struum.     Hence  it  is  that  by  repeated  crystallization  perfect  pa- 
rity may,  in  most  cases  at  least,  be  secured.     The  bydrmtes  of 
sulphuric  acid  furnish  a  good  illustration  of  the  theory  we  are 
discussing.     Water  and  oil  of  vitriol  may  be  mixed  in  any  pro- 
portion and  there  is  a  perfect  continuity  between  the  vanoas 
stages  of  dilution.     When  however  on  exposure,  to  cold  the  defi- 
nite hydrate  H^SO^.H^O  crystallizes  out  this  continaity  is  ab- 
ruptly broken,  and  it  is  reasonable  to  suppose  that  the  molecoles 
of  this  compound  preexisted  in  the  liquid  and  only  aggpregated 
in  the  process    of  crystallization.     These   crystals   may  be  ob- 
tained oetween  quite  wide  limits  of  dilution,  and  must  encloie 
more  or  less  of  the  menstruum,  and,  therefore,  vary  in  composi- 
tion to  a  limited  extent ;  but  the  definite  hydrate  can  be  obtained 
pure  by  repeated  crystallization.  • 

Another  class  of  facts  bearing  on  the  same  subject  has  been 
forced  upon  the  writer's  attention  during  the  last  few  years  by  the 
investigations  he  has  undertaken  on  the  revision  of  the  atomic 
weights.  In  a  memoir  on  the  '*  Numerical  Relations  between 
the  Atomic  Weights,"  which  he  communicated  to  the  American 
Academy  of  Arts  and  Sciences,  February  28th,  1864,  he  remarked 
— as  the  result  of  a  careful  discussion  of  the  determinations  which 
had  been  made  up  to  that  time — that  the  constant  errora  **  seem  to 
be  the  great  errors  in  all  these  determinations,  those  accidental 
errors  which  were  made  in  the  repetitions  of  the  same  process  by 
equally  careful  experimenters  being  comparatively  insignificant" 
The  writer's  subsequent  experience  has  entirely  connrmed  this 
opinion. 

Of  these  constant  errors  by  far  the  most  important  are  those 
due  to  impurity  of  material,  whether  in  the  substance  analysed 
or  in  the  products  of  the  analysis.  No  problem  of  chemistry  is 
more  difficult  than  to  prove  that  the  materials  and  products  in- 
volved in  atomic  weight  determinations  are  perfectly  pure,  and 
represent  a  condition  in  which  the  elements  are  united  in  the  defi- 
nite proportions  sought.  It  is  of  course  very  easy  to  discover 
such  impurities  as  can  be  detected  by  well  known  analytical 
processes.  But  how  can  you  be  sure  that  a  given  oxide,  sulphide, 
chloride,  bromide  or  iodide  does  not  contain  a  similar  compound 
of  a  lower  or  higher  order?  How  can  you  be  sure  that  either  of 
these  compounds  does  not  contain  a  small  amount  of  oxide?  It 
is  such  impuiities  as  these  that  are  the  chief  source  of  unoe^ 
taiiity,  and  they  cause  variations  of  composition  precisely  simi- 
lar to  those  discussed  above.  By  referring  to  the  examples  cited 
on  page  65  of  this  volume  it  will  be  found  that  they  are  for  the 
most  part,  if  not  all,  open  to  a  suspicion  of  errors  of  this  kind, 
and  until  these  suspicions  are  removed  the  evidence  which  the 
alleged  discrepancies  furnish  is  not  trustworthy.  As  a  rule, when 
:i  substance  is  formed  by  a  simple  reaction  from  perfectly  pure 
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materials,  the  parity  of  the  product  is  taken  for  granted,  and  yet 
the  writer  has  shown  that  sulphide  of  antimony,  when  precipi- 
tated by  hydric  sulphide  from  tartaric  acid  solutions  acidified  by 
hydrochloric  acid,  invariably  contains  more  or  less  oxichloride  of 
antimony,  which  leaves  its  equivalent  of  oxide  of  antimony 
when  the  sulphide  is  dried  at  200°  C.  So  also  he  found  it  imprac- 
ticable to  prepare  chloride  of  antimony  free  from  oxide. 

It  may  then  well  be  asked  what  proof  can  we  have  of  purity 
in  such  cases  as  have  been  discussed  beyond  the  very  definiteness 
^f  composition   which   is  in  question  ?      Before    attempting   to 
answer  this  question  the  writer  would  call  attention  to  the  fact 
that  constancy  of  analytical  results  affords  no  certain  criterion  of 
parity.     In  the  writer's  own  experience  constancy  of  results  has 
freqaently  meant  nothing  but  constancy  of  impurity,  and  the  illu- 
sion caused  by  coincidences  so-called  has  been  forced  again  and 
^ain  on  the  writer's  attention.    Hence  no  yaluable  conclusion  can 
be  reached  by  attempting  to  combine,  according  to  the  method 
of  least  squares,  results  of  atomic  weight  determinations  made  by 
different  chemical  processes.     The  writer  undertook  such  a  discus- 
sion, as  stated  in  his  early  memoir  on  the  relations  of  the  atomic 
reighta,  above  referred  to,  but  abandoned  it  simply  because  acci- 
dental errors  are  the  only  ones  which  such  mathematical  meth- 
-ods   can  eliminate  and  these  were  found   to  be  quite  insignifi- 
cant factors  in  the  problem.     No  useful  conclusion  can  be  de- 
daced   by  comparing  different  classes  of  results,  each  affected 
2>y  unknown  constant  errors;  for  it  is  impossible   to  assign   to 
^liem    correct    values    and    in    comparison    with    results   from 
bioh  constant  errors  have  been  eliminated  they  are  all  worth- 
For  example,  in  the  writer's  published  work  on  the  atomic 
eight  of  antimony,  although  a  closely  accurate  result  was  ob- 
lined  by  the  synthesis  of  the  sulphide  of  antimony,  this  result  is 
f  no  yalue  in  comparison  with  that  obtained  subsequently  from 
lie  analysis  of  bromide  of  antimony,  and  to  assign  it  any  yalue 
n  a  discussion  of  probable  errors  would  lead  to  error. 
If  now  the  question  is  still  pressed  :  what  is  the  criterion  of  a 
ure  and  definite  compound  ?  the  only  explicit  answer  that  can 
e  giyen  is  that  a  substance  obtained  by  repeated  crystallizations 
fferB  the  most  uniformly  satisfactory  eyidence  of  purity  that  we 
09ses&     It  is  well  known,  however,  that  repeated  crystalliza- 
ions  will  not  always  ensure  purity,  and  that  very  frequently  the 
ystals,  though  pure  when  formed,  cannot  be  collected  and  pre- 
nred  without  change.     Moreover,  it  is  seldom  the  case  that  such 
peated  crystallizations  are  possible.     In  most  instances  we  must 
^rely  on  other  criteria  of  purity,  such  as  constancy  of  physical  pro- 
^]perties  like  the  melting  or  boiling  points,  and  often  t)ie  question 
"^iuin  only  be  answered  by  a  special,  frequently  a  difficult,  investi- 
jgation.     Indeed  herein  he  the  great  obstacles  which  we  meet  in 
^mll  attempts  to  ^x  with  accuracy  the  values  of  the  atomic  weights, 
<9ind  good  judgment  is  the  only  criterion  on  which  we  can  always 
-depend. 
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It  is  surprising  how  few  snbstances  fulfill  the  coDditioos  re- 
quired in  an  accurate  atomic  weight  determination,  rarely  more 
than  one  compound  of  each  elementary  substance  ;  and  for  some 
of  the  most  common  elements,  so  far  as  we  yet  know,  not  even 
one.    After  the  process  has  once  been  worked  out,  the  actual  ana- 
lytical work  is  generally  readily  accomplished  and  the  accidental 
errors  involved  are  comparatively  small ;  and  when  the  conKtant 
errors  have  all  been  eliminated  the  definiteness  of  the  results  ig 
surprising ;  and  cannot  but  produce  in  the  analyst  a  confidence  in 
the  definiteness  of  the  law  which  determines  such  effects.     With 
the  writer,  while  his  earlier  work  on  ciystalline  alloys  left  an  im- 
pression of  the  possible  indefiniteness  (under  certain  conditions) 
of  chemical  combination,  his  later  work  on  atomic  weights  has 
shown  him  the  exceedingly  definite  aspects  of  the  same  pheoom- 
ena.     Moreover,  he  has  not  found  any  evidence  that  the  definite- 
ness of  chemical  combination  diminishes  as  the  chemical  force  is 
weakened,  a  result  we  should  expect  if  a  variation  were  possi- 
ble and  as  was  predicted  in  the  memoirs  that  have  been  so  often 
cited.     On  the  contrary,  the  writer  has  found  that  when  parity  is 
secured  the  proportions  are  as  definite  in  weak  compounds  as  in 
strong,  in  oxide  of  silver  as  in  water;  only  with  weaK  compounds 
it  is  usually  more  difficult  to  ensure  purity. 

While  therefore  the  writer  feels  that  the  weight  of  evidence  is 
at  present  in  favor  of  the  atomic  theory,  and  of  that  absolute 
definiteness  of  combining  proportions  which  this  theory  involves, 
still  he  is  very  glad  ^hat  the  whole  question  has  been  reOpened  in 
such  an  authoritative  way  as  is  likely  to  lead  to  its  solution.  His 
own  investigations,  now  in  progress,  will  have  a  direct  bearing  upon 
it,  and  until  the  requisite  facts  have  been  established  there  is  no 
sufficient  ground  for  a  positive  opinion.  But,  although  it  must 
be  admitted  that  the  atomic  theory  is  the  only  basis  on  which  a 
consistent  philosophy  of  chemistry  can  at  present  be  bnilt,  the 
writer  must  confess  that  he  is  rather  drawn  to  that  view  of  nature 
which  refers  all  differences  between  substances  to  dynamical  causes, 
and  wliich  regards  the  atomic  theory  as  only  a  temporary  expe- 
dient for  representing  the  facts  of  chemistry  to  the  mind. 

J.  p.  c. 

2.  Oil  the  Spectrum  of  Beryllitcm, — The  position  of  beryllium 
among  the  elements  still  remains  doubtful.  Nilson  and  Pettersou 
regard  it  as  a  triad  with  an  atomic  weight  of  13*8  and  a  specific 
heat  of  0-4079  to  0*4083,  its  oxide  havino:  the  formula  Be,0,. 
Emerson  Reynolds,  on  the  other  hand,  believes  it  to  be  a  dyad, 
with  an  atomic  weight  of  9*2  and  a  specific  heat  of  0*642  (calcu- 
lated), and  assigns  to  the  oxide  the  formula  BeO.  The  specific 
heat,  as  determined  experimentally  by  the  former  chemists,  is 
somewhat  uncertain  since  the  metal  employed  contained  from  5*59 
to  13  per  cent  of  impurities  and  was  not  homogeneous,  being 
partly  crystallized  and  partly  in  fused  globules.  To  throw  addi- 
tional light  upon  this  question  Hartley  has  examined  the  spec- 
trum of  beryllium.     If  a  triad,  its  spectrum  should  show  consider- 
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able  analogy  with  those  of  aluminum  and  indium;  though  if  a 
iyad,  the  spectrum,  in  accordance  with  the  periodic  law,  would 
Dot  necessarily  coincide  with  those  of  magnesium,  zinc  and  cad- 
mium, the  other  members  of  the  homologous  series.  The  spark 
spectrum  of  beryllium  was  obtained  from  a  saturated  solution  of 
the  chloride  prepared  from  pure  oxide.  No  lines  belonging  to 
other  elements  were  seen  in  the  spectrum  except  two  very  faint 
ones  of  calcium  from  the  hydrochloric  acid  used.  The  spectra 
were  produced  with  a  prism  and  also  with  a  Rutherfurd  grating 
of  17,460  lines  to  the  inch,  and  were  photographed  with  a  camera, 
the  lens  of  which,  as  also  that  of  the  collimator  tube,  was  36 
inches  focus.  Seven  lines  were  observed,  two  of  which  were  in 
;he  visible  spectrum;  but  of  these  only  one  was  photographed 
md  that  was  too  faint  to  be  measured.  Of  the  five  Knes  photo- 
graphed and  measured,  the  third,  of  wave-length  3320-5,  the 
ifth,  2649-4,  the  sixth,  2943-2,  and  the  seventh,  2477*7,  were 
trong  and  sharp,  while  the  fourth,  wave-length  .3 130*2,  was  very 
trong,  still  more  extended  and  the  most  persistent  of  all.  As  a 
esult  of  his  comparisons  the  author  says:  "The  spectrum  of 
•eryllium  exhibits  no  marked  analogy  with  the  calcium,  the  mag- 
esium  or  the  aluminum  spectra,  all  of  which  are  members  of 
^ell-defined  homologous  series.  There  is  nothing  similar  to  the 
oron,  the  silicon  or  carbon  spectra,  nor  to  those  of  scandium, 
'ttrium  or  cerium.  The  spectrum  of  lithium  is  the  one  most 
Hied  to  that  of  beryllium  in  the  number,  relative  position  and 
ntensity  of  the  lines.  The  character  of  the  lines  of  greatest  in- 
ensity  m  the  beryllium  spectrum  is  more  like  that  of  the  pairs  of 
ines  in  the  spectrum  of  calcium,  with  wave-lengths  39J^3-3967-5 
ind  3706-6-3736-6.  In  fact  the  similarity  to  the  line  3705*6  is  so 
jreat  that  the  two  when  juxtaposed  on  one  plate  may  be  mistaken 
f  their  positions  be  not  taken  into  account.  Lines  of  similar  ele- 
nents  have  very  distinctive  features.  Individual  lines  of  the 
calcium,  strontium  and  barium  group  are  quite  different  from 
tihose  of  the  magnesium,  zinc,  cadmium  series,  and  they  could  not 
be  mistaken.  The  lines  of  cerium  and  didymium  again  are  quite 
iissimilar  in  character ;  instead  of  being  broad  they  are  exceed- 
ingly tine.  I  am  therefore  led  to  the  conclusion  that  beryllium  is 
the  first  member  of  a  dyad  series  of  elements  of  which  in  all 
probability  calcium,  strontium  and  barium  are  homologues." — 
J.  Chem,  iSoc,  xliii,  316,  June,  1883.  g.  p.  b. 

3.  On  a  MekUion  between  the  Density  and  the  Chemism  of 
Ihe  Elements  in  different  Allotropic  states, — M^ller-Erzbach 
has  called  attention  to  the  apparently  necessary  connection  be- 
tween the  activity  of  a  chemical  reaction  and  the  amount  of  vol- 
ume-contraction which  takes  place  during  its  progress.  Since  the 
reaction  is  the  more  energetic  in  proportion  as  the  condensation 
is  greater,  it  follows  that  in  the  case  of  those  elements  which 
exist  in  different  allotropic  states,  the  chemism  should  be  a  maxi- 
mum in  those  forms  whose  density  is  furthest  removed  •from  that 
of  the  final  product,  which  of  course  is  the  same  for  all  the  vari- 
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eties.     In  the  case  of  sulphur,  the  rhombic  form  has  a  density  of 
2*07  and  the  amorphous  of  1-92;  now  the  latter  is  the  more 
readily  attacked  by  nitric  acid  and  permanganate,  combines  with 
nascent  hydrogen  more  readily,  and  is  more  active  in  forming 
trithionic  acid,  as  Berthelot  has  shown.     Amorphous  red  selenium, 
according  to  Schaflgotsch,  has  a  density  of  4*26,  the  vitreoiw 
variety  a  density  about  4*28,  and  the  black  granular  or  metallic 
selenium  one  of  4*8.     But  experiment  does  not  show  any  marked 
diflference   between   these   varieties    as    regards   their    chemical 
activity.     In  the  case  of  phosphorus,  however,  the  result  is  well- 
marked.     Common    phosphorus   has   a   density   of    l'82d-l-840, 
according  to  Schrotter,  while  that  of  the  red  variety  is  2106  (2*19 
as  given  oy  Hittorf),  and  of  the  crystalline  metallic  2*34  (Hittorf). 
Now  ordinary  phosphorus  combines  with  oxygen  with  ignition 
at  60°  and  with  sulphur  at  a  little  below  100°;  while  red  phospho- 
rus req^uires  temperatures  of  260°  and  230°  respectively.      The 
same  differences  in  activity  are  observed  toward  other  elements, 
common  phosphorus  even  reducing  copper,  silver  and  lead  from 
their  solutions.     Carbon  as  diamond  has  a  density  of  8*6,  while  the 
density  of  graphite  varies  from  2*1  to  2*6,  and  that  of  amorphoug 
carbon  from  1  '4  to  2.     When  treated  with  a  mixture  of  potassiam 
chlorate  and  strong  nitric  acid  the  diamond  is  absolutely  unat^ 
tacked,   the   graphite   yields   graphitic   acid   slightly   soluble  in 
water,  while  the  amorphous  carbons  give  humus-like  bodies  and 
dissolve  completely.     The  relative  combustibility  of  these  varie- 
ties is  proof  in  the  same  direction.     According  to  Violette,  char- 
coal prepared  at  350°  has  a  density  of  1*50  and  inflames  at  360' 
to  370° ;  that  made  at  432°  a  density  of  1  709,  and  ignites  at  400°; 
that  heated  to  1250^^  a  density  of  1*86  and  an  igniting  point  of 
600°  to  800° ;  and  that  prepared  at  the  fusing  point  of  platinum 
a  density  of  2*00,  and  inflames  at  1200°.     Similar  phenomena  are 
observed  with  the  various  forms  of  silicon,  boron,  arsenic  and  tin. 
In   no   case  does  the  cheniism   increase  with   the  density.    The 
author,  therefore,  concludes  that  the  activity  of  the  chemical  pro- 
cess  stands  in  direct   relation  to  the  increase    in  density  which 
takes  place  during  chemical  union. — lAehig^s  Ann,^  ccxviii,  113, 
A])ril,  1883.  G.  F.  B. 

4.  On  the  behavior  of  Nascent  Hydrogen  in  presence  of  Oiy- 
gen  gas. — Traube  has  given  his  views  on  the  production  of 
hydrogen  peroxide  which  differ  radically' from  those  of  Hoppe- 
Seyler.  When,  for  example,  water  acts  on  zinc  at  ordinary  tem- 
peratures in  presence  of  oxygen,  zinc  hydrate  (not  zinc  oxide)  is 
formed  together  with  hydrogen  peroxide,  according  to  the  equa- 
tion 

2"+OHH  +  ^'=2n(OH),+H.O, 

Whence  Traube  concludes  that  hydrogen  peroxide  is  not  an  oil" 
dation  product  of  water  (water  not  being  directly  oxidizal)le)» 
but  a  compound  of  the  unbroken  oxygen  molecule  with  two  de* 
tached   hydrogen  atoms.     In  further  proof  of  this   position  be 
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68  the  fact  that  in  the  voltaic  decomposing  cell  the  hydro- 
Toxide  never  appears  at  the  positive  electrode,  where  the 
ctive  oxidation  takes  place  and  where  the  water  must  be 
id  by  the  active  oxygen  were  it  capable  of  it,  but  at  the 
re  electrode  where  the  process  is  one  of  reduction  and  in 
3e  of  only  passive  oxygen.  Hydrogen  peroxide  is  there- 
reduction  product  of  the  passive  oxygen  molecule.  More- 
lirect  experiment  shows  that  nascent  hydrogen  evolved 
inc  and  either  sulphuric  acid  or  sodium  hydrate  does  not, 
>ence  of  oxygen,  cause  the  oxidation  of  either  sulphindi- 
kcid  or  of  ammonia;  and  that,  as  Graham  had  already 
3d,  hydrogen-palladium  gives  up  none  of  its  hydrogen  at 
•y  temperatures,  even  in  a  vacuum.  The  oxidizing  action 
rogen-palladium  is  due  to  its  specific  action  not  to  the  evo- 
3f  nascent  hydrogen.     Traube  therefore  denies  the  asser- 

Hoppe-Seyler  that  nascent  hydrogen  has  the  property  of 
ng  oxygen  active.  True,  netitral  solution  ot  potassium 
and  starch  is  blued  by  palladium-hydrogen  and  oxygen ; 
8  is  due  to  the  fact  that  hydrogen  peroxide  is  first  formed 
en  this,  in  presence  of  the  palladium,  sets  the  iodine  free. 
s  in  presence  of  platinum  sponge,  hydrogen  peroxide 
lotassium  iodide  and  starch  and  guaiacum  tincture,  and 
6  nitrite  to  nitrate,  as  ob&erved  by  Schonbein.  Traube  finds 
e  peroxide,  which  alone  is  indinerent  to  carbon  monoxide, 
s  it  easily  in  presence  of  hydrogen  peroxide.     The  oxida- 

sulphindigotic  acid  is  similarly  accounted  for.  To  show 
author  takes  seven  grams  of  palladium  well  charged  with 
en  and  agitates  it  for  a  quarter  of  an  hour  with  air  and 
ater  made  intensely  blue  with  ybW  ^^  potassium  sulphin- 
e.  The  blue  color  decreases  but  slightly  and  hydrogen 
le  is  formed  abundantly.  If  now  the  solution  be  poured 
1  the  metal  and  allowed  to  stand  with  exclusion  of  air,  it 
8  gradually  decolorized  by  the  action  of  the  H,0„  a  clear 
lat  the  oxidation  is  not  due  to  the  direct  action  of  the  pal- 
hydrogen.  Traube  therefore  comes  to  the  conclusion, 
i  palladium-hydrogen  does  not  evolve  active  hydrogen ; 
i  nascent  hydrogen  does  not  make  oxygen  active ;  (3)  that 
issues  do  not  evolve  hydrogen,  and  (4)  that  the  peculiar 
of  palladium-hydrogen  depends  upon  the  formation  of 
en  peroxide,  which  produces  the  oxidation,  in  part  directly 
part  by  the  aid  of  metallic  palladium. — Ber.  Berl.  Chem, 
vi,  1201,  May,  1883.  G.  P.  B. 

eio  form  of  JElectrical  Accumulator, — Julius  Elster  and 
rEiTEL  show  that  Zamboiii's  dry  piles  can  be  used  as  accum- 
The  copper  pole  of  the  pile  is  connected  with  the  posi- 
i  the  tin  pole  with  the  negative  poles  of  a  Holtz  machine, 
le  latter  has  been  worked  for  a  few  minutes  the  dry  pile  is 

0  be  charged.     After  repeated  discharges  the  pile  is  found 
ain  a  charge  of  considerable  intensity.     The  authors  rec- 

1  the  following  form  of  pile.    The  plates  of  the  pile  are 
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strung  by  means  of  a  needle  upon  a  silk  thread  and  then  stretched 
between  the  poles  of  a  Holtz  machine.     A  pile  of  11,000  pairs  of 
plates  of  one  square  centimeter  surface,  after  ten  minutes  charg. 
mg,  gave  shocks  one  millimeter  long  and  made  a  Geissler  tube 
luminous.     The  light  of  the  tube  was  continuous  at  first  but  after- 
wards became  intermittent.     Dry  piles  were  also  made  of  one 
metal.     Plates  of  lead  foil  were  coated  on  both  sides  with  tissue 
paper  by  means  of  potash  water-glass  to  which  a  little  oxide  of 
lead  was  added.     A  pile  of  7,000  of  the  lead  plates  one  square 
centimeter  in  section  could  be  charged  so  as  to  exhibit  strong 
polarization.     A  certain  amount  of  moisture  must  be  commum- 
cated  to  the  piles.     The  superoxide  of  lead  deposited  electro- 
lytically  acts  more  powerfully  than  when  deposited  in  any  other 
way.     A  pile  of  1000  plates,  coated  on  one  side  with  chemically 
produced  superoxide  and  on  the    other  with  protoxide  of  lead, 
gave  proportionally   much   less  tension.      These    piles   are  well 
suited  to  exhibit  to  a  large'  audience  the  principle  of  Plant^'s  or 
Faure's  accumulator. —  Wiedemann's  Annalen,  1883,  No.  7,  pp. 
489-491.  J.  T. 

6.  Apparatus  for  the  Demonstration  of  FoucauWs  Currenti.— 
Dr.  A.  VON  Waltenhofen  suspends  between  the  poles  of  an 
electro-magnet  a  pendulum  hob  which  is  made  in  the  form  of  an 
arc  of  a  circular  nng.  The  pendulum  vibrates  in  a  direction  per- 
pendicular to  the  axes  of  the  pol*>s  of  the  electro-magnet.  Before 
the  electro-magnet  is  made  the  time  of  swing  of  the  pendnlam  is 
noted  and  compared  with  the  time  of  swing  when  the  current  is 
passing  through  tho  electro-magnet.  In  the  latter  case  the  dimin- 
ished number  of  swings  can  be  clearly  seen  by  a  large  audience. 
This  method  is  capable  of  quantitative  measurement. —  Wiede- 
7nann\^  A7in(tle7i,  1883,  No.  8'\  pp.  9*28-932.  J.  T. 

7.  Dependence  of  the  Magnetising  Function  of  Steel  upon  iU 
Hardness, — HuciO  Meykr  reviews  his  numerical  results  upon  this 
question — the  magnetizing  function  being  the  magnetic  raoment 
divided  by  the  magnetizing  force — and  considers  the  physical 
effects  produced  by  the  presence  of  a  hardened  layer  of  steel  sur- 
roundini;  a  core  which  is  less  hardened.  He  makes  various  sup- 
positions to  reconcile  his  results  with  the  hypothesis  that  a  piece 
of  steel  is  made  up  of  small  magnets  which  are  turned  in  their 
beds  when  the  bar  is  magnetized.  Ilis  suppositions  are  so  un- 
likely that  doubt  is  cast  upon  the  molecular  theory  of  magnet- 
ism.—  Wiedemann's  Annalen^  1883,  No.  8*",  pp.  849-866.     J.  T. 

8.  Fxperi)nents  hearing  upon  the  Electro-magnetic  Theory  of 
Light. — In  a  voluminous  paper  containing  a  large  series  of  obser- 
vations, Quincke  endeavors  to  verify  Maxwell's  conclusion  that 
the  square  root  of  the  dielectric  constant  must  be  equal  to  the 
index  of  refraction  for  light  of  the  same  substance.  The  several 
methods  adopted  give  results  which  are  not  in  accordance  with 
Maxwell's  theory  of  light.  Quincke  explains  the  different  results 
obtained  by  different  observers  upon  the  effect  of  electric  force  on 
the  index  of  refraction  of  certain  substances  by  the  following: 
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(1.)  Experiments  show  a  fluctuation  in  the  value  of  the  index 
of  refraction  which  is  due  to  the  electric  force. 

(2.)  A  comparatively  long  duration  of  the  electric  pressure 
causes  a  fall  in  the  value  of  the  index  of  refraction  eouivalent  to 
the  effect  of  a  rise  of  temperature  between  0*0001  to  0*1**  C. 
This  increases  with  the  difference  in  potential  between  the  elec- 
trodes, and  can  be  attributed  to  internal  friction  caused  by  elec- 
tric attractions  and  repulsions  between  the  particles  of  the  fluid. 

(3.)  The  phenomena  of  the  change  of  the  index  of  refraction 
show  that  the  electric  pressure  has  no  analogy  with  hydrostatic 
pressure. 

(4.)  These  changes  in  the  index  indicate  changes  in  hydrostatic 
pressure  in  the  interior  of  the  fluid  which  are  caused  by  the  elec- 
trical pressure,  the  fluid  being  set  into  vertical  movements  thereby. 

(6.)  The  electrical  effects  appear  to  be  transmitted  through  the 
fluid  by  impulses  and  not  in  a  continuous  manner. —  Wiedemann's 
Aufialeny  1883,  No.  8**,  pp.  705-782.  j.  t. 

9.  A  method  of  determining  the  Ohm, — In  a  valuable  paper, 
entitled  "On  the  Determination  of  the  Intensities  of  powerful 
Magnetic  Fields,"  by  Mr.  A.  Gray,  which  is  too  technical  for  a 
short  abstract,  the  author  proposes  a  method  of  determining  the 
ohm  which  is  nearly  the  converse  of  that  of  Weber.  The  method 
is  to  hang  a  coil,  of  which  the  constants  are  known,  in  a  snflli- 
ciently  intense  and  uniform  magnetic  field  and  find  the  decrement 
of  the  oscillatory  motion  produced  by  the  induction.  The  author 
believes  that  the  calculations  and  corrections  would  be,  in  certain 
respects,  simpler  than  the  method  given  by  Weber. — Phil,  Mag,^ 
Aug.,  1883,  pp.  144-146.  j.  T. 

10.  ^  new  Seismometer, — ^Professor  Ewing,  of  Tokio,  Japan, 

J>ropo8es  the  following  form  of  Seismograph :  A  common  pendu- 
um,  having  its  center  of  gravity  below  its  point  of  suspension, 
is  stable.  An  inverted  pendulum  with  a  pivoted  supporting  rod  is 
unstable.  By  placing  an  inverted  pendulum  below  a  stable  one 
and  connecting  the  bobs  so  that  any  honzontal  displacement  will 
be  common  to  both,  the  system  can  be  made  as  neutral  in  regard 
to  stability  as  one  may  desire.  The  instrument  has  not,  however, 
been  tested  in  an  actual  earthquake. — Nature^  July  ?6,  1883, 
p.  308.  J.  T. 

11.  Infra  red  spectra, — M.  Henry  Becquebel  describes  a 
method  of  studying  the  spectra  emitted  by  the  vapors  of  sodium, 
magnesium,  calcium,  potassium,  silver  and  thallium  which  opens  a 
field  of  observation  between  the  wave-lengths  760  and  1300,  an 
interval  greater  than  that  between  the  extreme  red  of  the  visible 
spectrum  and  the  last  ultra  violet  rays. —  Comptes  Rendus^  July 
9,1883.  J.  T. 

II.   Geology  and  Botaitf. 

1.  Paramorphic  Origin  of  the  Hornbletide  of  the  North- 
toestem  States  :  by  R.  D.  Irving. — The  writer  of  the  note  com- 
municated to  the  August  number  of  this  Journal,  referring  to  my 
paper  on  the  above  subject  in  the  July  number,  says  that  I  seem 
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to  imply  therein  'Hhat  no  one  except  Dr.  WiohmaoD  has  ever 
studied  microscopically  the  rocks  of  the  Marquette  district,  and 
no  one  except  myself  advocated  the  secondary  origin  of  the  horn- 
blende in  the  '  greenstones '  and  the  eruptive  on^in  of  the  dia- 
bases." Just  what  greenstones  and  diabases  are  here  referred  to 
I  do  not  understand,  but  in  reply  I  have  to  deny  that  the  paper 
was  ever  intended  to  contain  any  such  implications;  nor  can  it 
be  construed,  so  far  as  I  can  see,  to  contain  them. 

The  writer  of  the  note  also  says  that  I  have  advocated,  withoat 
acknowledgment,  his  previously  published  views  as  to  the  '^tn- 
chytic  and  rhyolitic  nature  of  the  Keweenaw  felsites.**  To  this  I 
have  to  reply  that  I  have  never  held  the  view  which  he  attribntes 
to  me.  In  the  Keweenaw  series  occur,  as  I  was  the  first  to  an- 
nounce, so  far  as  I  am  aware,  original  masses,  not  only  of  basic 
but  also  of  acid  eruptives,  and  of  eruptives  of  intermediate  acid- 
ity, the  various  kinds  constituting  a  continuous  series  from  the 
most  basic  to  the  most  acid.  In  their  general  relations,  and  to  a 
certain  extent  in  their  general  characters,  these  rocks  correspond 
to  the  Tertiary  basalts,  trachytes  and  rhyolites,  but  I  have  never 
held  the  view  that  any  of  these  ancient  rocks  are  lithologically 
identical  with  the  Tertiary  rhyolites  and  trachytes,  though  the 
words  used  in  the  second  annual  report  of  the  Director  of  the  U. 
S.  Geological  Survey  might  possibly  be  so  construed  as  to  mean 
this.  My  acquaintance  with  the  modern  eruptives  is  not  yet 
great  enough  to  warrant  the  holding  of  such  an  opinion  against 
the  accepted  views  of  the  most  eminent  lithologists  of  the  day. 

What  the  writer  means  to  imply  by  his  reference  to  the  peri- 
dotite  of  Prenq'  Isle  I  do  not  understand — as  I  have  never  pub- 
lished anything,  so  far  as  I  know,  directly  or  indirectly  referring 
to  this  rock. 

Finally,  in  reply  to  the  general  summing  charge  of  the  writer 
of  the  note,  I  have  merely  to  deny  that  I  have  ever  published  as 
original  with  myself  any  of  his  previously  published  views.  And 
the  truth  of  my  denials  will,  1  am  sure,  be  quite  apparent  to  can- 
did minded  persons  acquainted  with  the  literature  of  the  subject, 
to  whose  judgment  I  am  quite  content  to  leave  the  matter  with- 
out further  argument. 

2.  George  Vasey  :  The  Gntsses  of  the  U^nted  States  ;  being  a 
Sf/nojysis  of  the  Tribes  and  Genera^  with  Descriptions  of  the 
Genera  ayid  a  lAst  of  the  Species.  (Department  of  Agriculture; 
Special  Report,  No.  63.  Washington :  Government  Printing 
Office.  1883.) — As  Botanist  of  the  Department  of  Agriculture,  as 
well  as  by  predilection,  Dr.  Vasey  is  particularly  interested  in  the 
GraminecB^  and  has  studied  them  most  assiduously.  Availing 
himself  of  Mr.  Bentham's  recent  elaboration  of  the  order  in  the 
new  Genera  Plantanun,  he  has  now  given,  in  English,  a  succinct 
cons[)ectus  of  our  grasses,  characters  of  the  1 1 4  genera  known  to 
be  North  Amencan,  and  a  catalogue  of  589  species,  indicating 
their  geographical  distribution.  All  this  in  a  pamphlet  of  forty- 
seven  pages,  which  is  distributed  by  the  Agricultural  Department 
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at  WMhingtoii,  so  that  it  may  be  in  the  hands  of  all  our  botanists, 
to  whom  it  will  be  a  seasonable  and  considerable  help.        ▲.  o. 

3.  Sebbxo  Watson  :  Contributions  to  American  Botany.  XL 
(Extract  from  Proceedings  of  the  American  Academy  of  Arts  and 
Sciences,  voL  xviii,  issued  August  16,  1883). — A  year  ago,  in  the 
seventeenth  volume  of  the  American  Academy's  Proceedings,  Mr. 
Watson  brought  out  the  tenth  part  of  his  important  Contribu- 
tions, half  of  which  was  occupied  with  the  determination  of  the 
Polypetalae  of  Dr.  Edward  Palmer's  collection  in  northern  Mexico 
and  the  adjacent  part  of  Texas.  This  account  is  completed  in  the 
paper  now  before  us,  of  which  it  occupies  about  one  hundred 
pages.  The  new  Compoaitce  are  enumerated,  but  their  characters 
are  given  in  a  later-published  paper  by  another  hand.  In  other 
orders  there  are  a  goodly  number  of  new  species,  some  of  partic- 
ular interest. 

Omphalodes  aliena  and  O.  cardiophylla  Gray,  published  in 
Hemsl.  Biol.  Centr.  Am.,  are  certainly  very  remarkable,  as  repre- 
senting that  genus  in  the  New  World,  as  also  for  the  more  extended 
insertion  and  sometimes  plane  wings  of  the  nutlets;  so  that  they 
truly  "seem  to  belong  to  Paracaryum  rather  than  to  Ompha- 
lodes,  if  these  genera  are, to  be  retained  as  characterized  by  Ben- 
tbam  and  Hooker."  But,  indeed,  they  were  referred  to  Omphch 
lodes  on  the  idea  that  Paracaryum  ought  not  to  be  so  retained. 
Some  notes  which,  with  our  original  characters,  were  not  printed 
by  Hemsley,  were  thought  to  show  that  certain  genuine  species  of 
the  former  genus  nearly  agreed  in  the  elevated  gynobase,  etc., 
with  those  that  have  been  referred  to  Paracaryum. 

JHntts  latisquama  Engelra.,  published  in  the  Gardeners'  (^hron- 
cle  with  wrong  foliage  (that  of  P.  Ayacahuite)  is  here  correctly 
characterized. 

Spiranthes  of  Richard  is  changed  on  page  159  to  Speiranthes, 
ThiB,  although  six  times  repeated^  is  purely  accidental,  and  was 
>y  no  means  intended  as  a  correction  of  Richard's  latinization  of 
be  Greek  word  concerned,  which  is  that  of  Virgil  and  Ovid. 

Glyphosperma  (Palmeri)  and  Hemiphylacus  {latifolius)  are 
,wo  new  genera  of  Lilia^cem  from  Mexico,  the  first  of  the  subtribe 
4,Tkther%ceoB,  the  second  verging  to  the  Chlorogaleos, 

TVadescantia  leiandra  Torr.,  is  declared  to  belong  to  that 
renus,  not  to  Zehrina.  A  note  gives  a  revision  of  our  species  of 
.hat  genus  and  of  Commelina. 

The  GramineoB  have  been  worked  out  with  much  pains-taking, 
md  a  good  beginning  made  in  the  study  of  the  grasses  of  the 
klexican  border,  while  awaiting  the  long-delayed  work  of  Four- 
lier  upon  those  of  Mexico.  Soutdoua  is  elaborated  in  a  foot- 
lote,  and  twenty-five  species  recognized. 

A  few  closing  pages  are  devoted  to  "Descriptions  of  some 
New  Western  Species "  of  the  United  States,  the  most  in- 
teresting being  two  new  Microstyles,  discovered  by  Mr.  Lemmon 
in  southwestern  Arizona,  and  Montia  HoweUii^  from  Oregon,, 
tent  by  the  brothers  Howell,  with  some  anomalous  features^ 
There  are,  of  course,  one  or  two  new  Eriogona  and  an  Allium. 
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Ab  to  Dr.  Palmer's  collection,  not  only  are  bis  plants  nearly  all 
determined,  but  also  those  of  a  considerable  collection  made  by 
the  late  Dr.  Schaffner,  sent  in  the  year  1880  to  the  present  writer, 
which  has  been  divided  between  tne  Gray  herbarium  and  that  of 
Kew.     This  collection  was  from  the  same  district  (San  Lais  Po- 
tosi)  as  PaiTy  and  Palmer's  collection,  whose  numbers  are  also 
cited  in  considerable  part.     A  small  collection  sent  by  Professor 
Dug^s  from  farther  south  (Guanajuato)  is  also  reported  on.    So 
that    these    two    Contributions  —  parts  x  and  xi — are  of  very 
great  importance  in  the  study  of  the  botany  of  tbje  northern  , 
States  of  Mexico,  a  district  which  is  becoming  more  and  more 
open  to  American  explorers.      Dr.  Palmer's  present  collections, 
and  those  of  his  forerunner  Dr.  Gregg,  were  made  in  Nuevo 
Leon  and  Coahuila.    Chihuahfia  is  now  equally  accessible;  and  to 
the  western  part  of  that  State,  and  to   adjacent  Sonora,  which 
may  be  reached  in  time,  we  look  for  the  most  interesting  future 
accessions  to  the  botany  of  the  Mexican  frontiers.  a.  o. 

4.  Professor  Herman  MttLLEB.  The  Fertilization  of  Floxoen; 
translated  and  edited  by  D'Arcy  W.  Thompson,  B.A.,  etc.,  with 
a  preface  by  Charles  Darwin.  With  illustrations.  London; 
Macraillan  &  Co.  1883,  pp.  669,  8vo.— The  original  •  German 
edition  was  of  the  year  1873,  and  in  tbis  new  one,  edited  as  well 
as  translated  by  Mr.  Thompson — turned  into  good  idiomatic 
English  and  attractively  printed — is  incorporated  a  large  mass  of 
the  author's  recent  observations  as  well  as  details  from  bis  other 
writings.  An  added  interest  is  given  by  the  prefatory  notice, 
"full  of  suggestions,  full  of  kindly,  appreciative  feeling,"  which  is 
one  of  the  very  last  issues  of  Mr.  Darwin's  pen.  A  sadder  interest 
is  now  given  to  the  volume  by  the  announcement  which  has  just 
reached  us  of  tlie  death  of  Dr,  M  tiller,  on  the  25th  of  August 
last.  A  great,  and  we  judge  a  premature  loss,  for  though  we  be- 
lieve he  was  not  young,  he  cannot  have  been  old.  His  earliest 
published  writings  of  which  we  have  record  do  not  date  back  of 
1850,  and  the  first  upon  the  subject  which  he  had  made  so  fully 
his  own  lias  the  date  of  1869.  Meanwliile,  by.  his  most  laborious  and 
patient  observations,  by  liis  great  acuteness  in  interpretation  and 
research,  and  by  his  studies  of  the  modifications  of  insects  in  rela- 
tion to  flowers,  no  less  than  those  of  flowers  to  insects,  he  had 
placed  himself  at  the  head  of  this  curious  branch  of  biology, 
which  was  initiated  by  his  countryman.  Christian  Conrad  Spren- 
gel  about  one  hundred  years  ago,  resuscitated  and  more  broadly 
based  in  our  days  upon  '*  the  Knight-Darwin  law,"  and  the  lead 
in  which,  since  Darwin's  death,  is  restored  to  Germany  mainly  by 
the  researches  of  Ilildebrand  and  Herman  MUller. 

At  this  moment  there  is  neither  time  nor  room  for  more  than 
the  announcement  of  this  volume,  which  forms  an  encyclopedic 
text-book  upon  this  subject,  and  which  will  be  largely  used  as 
such  in  this  country,  where  the  way  is  w^ell  prepared  for  it.  The 
book  has  full  indexes,  both  of  plants  and  insects  concerned,  and  a 
full  bibliography  of  814   entries,  filling  32   pages.       There  are 
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many  things  apon  which  one  would  wish  to  remark,  and  there  is 
one  little  omission.  "The  observations  of  Darwin  (1861),  and 
Asa  Gray  (1862),^'  are  referred  to  through  the  bibliography,  but 
without  noting  that  the  first  did  not  anticipate,  and  that  the  sec- 
ond did  anticipate  and  announce  in  this  tfournal,  MUller's  later 
discovery  of  the  mode  of  fertilization  of  Ct/pripedium,  in  1868, 
which  he  describes  on  page  339.  The  curious  modification  of  the 
papilionaceous  flower  in  Apios  is  unnoticed.  a.  g. 

in.  •  Miscellaneous  Scientific  Intelligence. 

1.  American  AsBocicUion  for  the  Advancement  of  Science  at 
Minneapolis, — The  meeting  of  the  Association  at  Minneapolis, 
under  the  presidency  of  Professor  C.  A.  Young,  of  Princeton, 
closed  on  Wednesday,  August  2 2d.  The  number  of  members 
present  was  large,  but  less  than  at  Montreal  and  Boston,  for  the 
obvious  reason  that  the  place  was  less  central  for  workers  in 
science.  They  were  most  generously  treated  by  the  citizens  of 
Minneapolis. 

The  sections  which  had  the  largest  number  of  papers  were  the 
geolo^cal  and  archaeological,  and  the  geological  subject  which 
absorbed  the  most  time  and  attention  was  that  of  the  phenomena 
of  the  Glacial  era  and  latter  Quaternary  in  America 

Dr.  J.  W.  Dawson,  in  his  address  as  retiring  president,  "  On 
some  UASolved  Problems  in  Geology,"  spoke  first  of  some  of  the 
peculiarities  and  divisions  of  the  Archaean  rocks,  taking,  in  his 
few  words,  the  side  of  the  probable  p re-Cambrian   ag6  of  the 
Taconic  system,  and  adding  beyond,  ^'  after  the  solitary  appear- 
ance of  Eozoon  in  the  Laurentian,  and  of  a  few  uncertain  forms 
in  the  Huronian  and  Taconian,  we  find  ourselves  in  the  Cambrian,'^ 
etc.     Dr.  Dawson  next  spoke  briefly  of  the  bearing  of  geological 
facts  on  the  theory  of  evolution,  of  certain  new  views  as  to  the 
origin  of  coal  from  cryptogamous  vegetation,  and  of  the  events  of 
the  Glacial  era. 

The  **  unsolved  problems "  are  treated  in  the  address  without 

nnch  labored  argument  or  much  effort  to  solve  them  beyond 

Avbat  is  contained  in  the  expression  of  an  opinion.     For  example, 

on  the  Taconic  question  the  remark  about  "uncertain  forms"  or 

Ibssils  in  its  beds,  is  the  best  fact  on  the  subject  stated,  there 

T>eing  no  reference  to  the  recent  investigations  of  the  rocks  of  the 

Taoonio  Ran^e,  and  their  stratigraphical  relations  to  associated 

l)eds  containmg  fossils  that  are  not  '*  uncertain,"  found  both  in 

Vermont  and  in  Dutchess  County,  New  York,  or  the  good  fossils 

in  the  Poughkeepsie  Taconic  slates. 

The  address  of  Professor  Rovtland,  vice-President  of  the  Chem- 
ical Section,  was  an  admirable  ''plea  for  true  science."  One  senti- 
ment, not  new,  but  true,  is  here  cited  to  aid  in  its  dissemination.  He 
says,  with  reference  to  the  government  duty  on  foreign  books  and 
periodicals,  '*  We  call  this  a  free  country  and  yet  it  is  the  only 
one  in  which  there  is  a  direct  tax  on  the  pursuit  of  science.     The 
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low  state  of  pure  science  in  the  country  may  possibly  be  attrib- 
uted to  the  youth  of  the  country ;  but  a  direct  tax  to  prevent  the 
growth  of  our  country  in  that  subject  cannot  be  looked  upon  as 
other  than  a  deep  disgrace.''    In  the  science  of  physics  *'no  books 
above  elementary  ones  have  ever  been  published,  or  are  likely  to 
be  published,  in  this  country ;  and  yet  every  teacher  in  physics 
must  have  them,  not  only  in  the  college  library  but  on  his  own 
shelves,  and  must  pay  the  government  of  this  country  to  allow 
him  to  use  a  portion  of  his  small  SHlary  to  buy  that  which  is  to 
do  good  to  the  whole  country."     '*  One  would  think  that  boob 
in  foreign  languages  might  be  admitted  free ;  but  to  please  the 
half-dozen  or  so  workmen  who  reprint  German  books,  not  scien- 
tific, our  free  intercourse  with  that  country  is  cut  off." 

Professor  W.  A.  Roqbrs,  vice-President  of  the  Section  of 
Mathematics  and  Astronomy,  treated  in  his  able  address  of  the 
German  survey  of  the  Northern  Heavens. 

The  address  of  the  vice-President  of  the  Geological  Section, 
Professor  C.  H.  Hitchcock,  was  on  "  the  Early  History  of  the 
North  American  Continent."  Professor  Hitchcock  presented 
views  with  reference  to  the  origin  and  subdivisions  of  the  early 
crystalline  rocks,  and  the  occurrence  of  many  "oval"  isolated 
Archaean  areas  in  eastern  Noi-th  America,  and  put  forth  his  latest 
conclusions  as  to  the  t^neoti^  derivation  .of  the  Laurentian  areas, 
arrived  at  after  a  visit  to  the  volcanic  Hawaiian  Islands,  he  hold- 
ing, in  other  words,  that  "the  first  land  consisted  of  volcanic 
islands." 

A  lecture  was  delivered  also  by  Professor  E.  D.  Copk  before 
the  association  in  general  session,  on  the  evidence  for  evolution  in 
the  history  of  the  extinct  mammalia.  It  was  a  valuable  discourse 
bv  one  who  had,  to  a  very  large  extent,  gathered  his  own  facts. 
lie  observes  that  since  1860  the  number  of  known  American  species 
of  mammals  has  increased  from  250  to  nearly  2000. 

These  addresses  are  published  in  full  in  Science,  numbers  27 
to  31. 

On  the  subject  of  the  Quaternary  the  folloT^ing  are  some  of  the 
facts  presented. 

Professor  G.  F.  Wright  treated  of  the  southern  limit  of  the 
glacier,  giving,  first,  credit  to  earlier  investigators,  and  speaking  of 
Professor  W.  Upham  as  the  first  to  survey  the  whole  of  the  part 
of  the  line  which  lies  between  Cape  Cod  and  Brooklyn,  and  Pro- 
fessors Cook  and  Smock,  that  across  New  Jersey.  The  historical 
facts  presented  are  given  in  this  Journal  in  various  notices  an<L 
in  papers  by  Mr.  Upham,  Professor  Smock,  Professor  Wright^ 
Professor  Chamberlin  and  otliers.  Professor  Wright  added  th 
following  to  the  account  of  the  southern  limit  in  his  recen"^ 
paper ;  that  the  line  through  Indiana  grazes  again  the  edge  o  't 
Kentucky  opposite  Madison,  and  reaches  its  southernmost  poim.  ^ 
near  Charleston  ;  then  bears  north  through  Scott  and  Bartholcz^- 
raew  Counties  and  follows  the  line  between  the  latter  and  Broi^u 
County  to  the  northeast  corner  of  Brown ;  then  turns  80uthwe«^ 
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to  the  northeast  corner  of  Monroe ;  then  bears  northward  for  ten 
miles  to  near  Martinsville,  in  Morgan  County ;  then  passes  west 
and  sonth,  diagonally,  through  Owen  and  Green  Counties,  and.  to 
Knox  in  Harrison  township,  in  Knox  County.  • 

Professor  Cbambeulin,  who  also  early  surveyed  the  line  from 
Long  Island  westward,  presented  an  imporfsant  paper  on  *'  the  Ter- 
minal moraines  of  ^he  second  Glacial  epoch." 

Professor  L  C.  Whitk  treated  of  the  high  terraces  of  western 
Pennsylvania,  a  subject  discussed  by  Professor  J.  J.  Stevenson  in 
this  Journal  for  1878  (III,  xv,  245^,  and  said  that  the  facts  were 
wholly  in  accordance  with  the  view  brought  out  by  Professor 
Wright  as  to  the  existence,  in  the  Glacial  era,  of  an  ice-dam  500  to 
600  feet  high  across  the  Ohio  valley  at  Cincinnati.  The  five  sev- 
eral terraces  at  Morgantown  are  30,  75,  175,  200  and  275  Teet 
above  the  river.  The  deposits  of  the  upper  terrace  '*  consist 
almost  entirely  of  clays  and  fine  sandy  material,  with  few  bowl- 
ders." The  terrace  and  its  clays  have  been  traced,  at  the  '*  same 
absolute  level,"  on  other  tributaries  of  the  Monongahela,  namely. 
Decker's,  Dnnkard,  Whitely,  Muddy  and  Ten  Mile  Creeks.  The 
dam  set  back  the  waters  of  the  Kanawha  and  filled  the  Mud-Guy- 
andotte  arm  of  the  valley ;  and  afterward  its  removal  left  the 
valley  hiffh  and  dry.  These  and  other  facts  were  regarded  as 
proying  the  truth  of  Professor  Wright's  hypothesis.  The  height 
of  dam  at  Cincinnati  required  by  the  facts,  according  to  Professor 
White,  is  about  625  feet,  or  1050  to  1075  above  tide-level. 

Professor  W.  Upham  presented  a  paper  on  the  Minnesota 
valley  in  the  Ice  Age  in  which  he  gave  his  reasons  for  holding 
that  the  existence  of  the  great  flooded  Winnipeg  lake  —  Lake 
Agassiz,  as  be  calls  it — was  due  to  a  damming  of  the  waters  of  the 
region  by  a  barrier  of  glacier  ice  on  its  north  margin  pre- 
venting the  waters  from  flo\ving  into  Hudson's  bay,  their  present 
coarse.  He  appeals  to  two  epochs  of  glaciation,  and  remarks  that 
in  the  first  the  area  was  covered  with  drift,  mostly  the  unstrati- 
£ed ;  during  the  interval  between  the  two  the  pre-glacial  valley  of 
the  region  was  deepened  b^  the  drainage ;  during  the  later  Gla- 
<^ial  epoch  the  till  onfy  partially  blocked  up  the  river-course  alonff 
'its  greater  part,  and  portions  tnat  were  obstructed  were  channelea 
Anew  from  the  mouth  of  the  Minnesota  to  New  Ulm.  As  long  as 
'the  ice-barrier  existed  on  the  north  the  waters  poured  from  "Lake 
^Agassiz"  down  the  Minnesota  to  the  Mississippi,  at  first  deposit- 
ing drift,  but  later,  when  the  waters  carried  little  drift  material, 
^^xcavaUng  the  existing  river-channel  through  the  deposited  drift. 
^This  view  makes  the  deposits  of  the  valley  to  have  been  formed 
in  one  era  and  the  channel,  between  the  terraces,  in  another  follow- 
ing. He  holds  also  that  the  water  of  Lake  Superior  may  have 
1>een  held  back  in  a  similar  way,  at  a  level  about  500  feet  above  its 
xresent  height,  and  explains  certain  facts  connected  with  the  St. 
C!roix  River  on  this  supposition. 

Another  paper  by  Professor  Upham  treated  of  the  '*  Changes 
in  the  currents  of  the  ice  of  the  last  Glacial  epoch  in  eastern  Min- 
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Dr.  Newberry  preseDted  a  paper  "  On  the  eroding  power  of 
ice,"  attributing  to  it  far  greater  effects  than  are  conceded  by 
most  writers  on  the  subject,  and  making  it,  as  he  had  done  before^ 
the  excavating  agent  of  the  basins  of  the  Great  Lakes.  He  also 
spoke,  with  a  good  array  of  facts,  on  the  reality  of  the  age  of  ice, 
and  the  wide  extension*of  the  great  northern  glacier. 

A  paper  by  Professor  G.  H.  Stone,  "  On  the  Kame  rivers  of 
Maine,"  was  read  by  Professor  Upham,  in  which  the  origin  of 
kame  deposits  was  discussed,  whether  super-glacial  or  sub-glacial, 
and  favoring  the  former  view.  He  made  the  important  statement 
that  in  Maine  no  southward  motion  in  the  glacier  would  have 
been  possible  after  the  ice  had  thinned  down  to  500  feet  on 
account  of  transverse  ranges  of  bills. 

Professor  Upham  read  a  paper  by  Miss  F.  E.  Babbitt,  of  Min- 
nesota, ^'  On  Glacial  Man  in  Central  Minnesota."  The  evideoce 
consists  in  the  discovery  of  '•rudely  worked  quartzes."  They 
were  first  found  by  Professor  N.  H.  Winchell  in  the  top  portion 
of  certain  terraces  in  Central  Minnesota  about  100  miles  north- 
west of  St.  Paul,  in  the  village  of  Little  Falls,  Morrison  County. 
Recently  similar  discoveries  have  been  made  in  the  same  region 
/by  Miss  Babbitt  in  beds  of  the  terraces  below  the  upper,  msmj 
hundreds  of  chips  were  found  in  a  small  area,  none  worn,  altbougn 
the  stony  material  of  the  terrace  was  well  rounded ;  and  every 
freshet  turned  out  other  specimens.  The  specimens  come  from  a 
well  limited  layer,  a  few  inches  thick,  12  to  15  feet  below  the  top 
of  the  terrace. 

In  the  discussion  which  followed  the  reading  of  the  paper,  Pro- 
fessor F.  W.  Putnam  stated  that  some  of  the  specimens  exhibited 
in  illustration  of  the  paper  were  unquestionably  of  human  work- 
manship. 

Other  papers  on  related  subjects  are  those  of  W.  J.  McGee, 
"On  the  formation  of  Glacial  Canons";  of  Julius  Pohlmax, 
'*  On  the  history  of  the  Niagara  River";  of  W.  McAdams,  "On 
the  lojss  and  glacial  clays  of  Alton,  Illinois. 

The  following  is  a  list  of  the  papers  accepted  for  reading  at  the 
sessions  of  the  Association  : 

Ijist  of  Papers  accepted  for  Reading, 

Section  A,  Mathematics  and  Astronomy. 

Edward  S.  Holden:  The  total  solar  eclipse  of  May  6,  1883. 

W.  A.  Rogers:  A  new  method  of  investigating  the  flexure  corrections  of  a 
meridian  circle;  On  an  improved  method  of  producing  a  dark-field  i  Humiliation  of 
lines  ruled  upon  glass. 

E.  W.  Hyde:  The  calculus  of  direction  and  position. 

S.  0.  Chandler.  Jr.  :  Results  of  tests  with  the  almacantar  in  time  and  latitude; 
Invoetigations  of  light  variations  of  Sawyer's  variables. 

J.  B.  Eastman:  Internal  contacts  in  transits  of  inferior  planets. 

G.  W.  Hough;  Physical  phenomena  on  the  planet  Jupiter;  The  rotation  of 
domes. 

J.  Janhsen:  French  observations  of  the  total  ecHpse  of  May  6th,  1883. 

0.  S.  Westcott:  Some  hitherto  undeveloped  properties  of  squares. 

E.  F.  Sawyer:  On  the  light  variations  of  T.  MonoceroHi, 
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Edgar  Fbibbib:  Orbit  of  the  great  comet  of  1882. 

J.  K.  Rbks:  ObBerratioDS  on  the  transit  of  Venus  made  at  Columbia  College, 
ew  York  City:  Desciiptioii  of  new  observatory  of  Columbia  College. 
C.  M.  Woodward  :  Deficriptiye  geometry  applied  to  the  general  ellipsoid. 
J.  BuBKiTT  Webb:  Conic  sections  in  descriptive  g^metry;  Descriptive  geomet- 
cal  treatment  of  surfaces  of  the  second  degree ;  The  kinematics  of  rotary  pumps. 

C.  A.  Young:  Some  observations  oti  Uranus. 

D.  P.  Todd:  Methods  of  observing  eclipses  of  Jupiter's  satellites. 

Samuel  Emerson:  Standard  time-pointer  and  a  time  longitude  dial;  System  of 

gebraic  g^metry. 

J.  M.  Batchelder  :  Tidal  observations  on  soundings  distant  from  shore. 

Section  B,  Physics. 

W.  A.  Rogers:    Definitive  determination  of   the  relation:    Imperial  yard 
3*37  030= the  meter  of  the  archives. 

E.  8.  Morse:  On  the  utilization  of  the  Sun's  rays  for  warming  and  ventilating 
lartments. 

H.  S.  Carhart:  The  magnetophone,  or  the  modification  of  the  magnetic  field 
f  the  rotation  of  a  perforated  metallic  disc. 

A.  E.  Dolbear:  The  static  telephone. 

F.  E.  Nipher:  Magnetic  survey  of  Missouri;  Plan  for  a  state  weather  service. 
T.  C.  Mendenhall:  A  method  of  distributing  weather  forecasts  by  means  of 
ilways. 

P.  B.  Hott:  The  tornado  at  Racine,  May  18,  1883. 

J.  H.  Frick:  The  tornado  of  May  18th. 

0.  E.  Fritts:  On  a  new  form  of  selenium  cell,  and  some  remarkable  electrical 

Booveries  made  by  it»  use. 

H.  T.  Eddt:  On  the  kinetic  theory  of  the  specific  heat  of  solids;  a  kinetic 

leory  of  melting  and  boiling ;  An  extension  of  the  theorem  of  the  virial  to  rotary 

iciUation. 

B.  F.  Thomas:  A  method  for  the  calibration  of  a  galvanometer;  A  method  of 
)tennining  the  center  of  gravity  of  a  mass;  Two  forms  of  apparatus  for  Boyle's 
w ;  A  new  heliostat. 

Samuel  Hart  :  Natural  snow-balls  or  snow  rollers. 

GusTAYUS  HiNRiCHS:  Remarks  on  the  tracings  of  self-registering  instruments 

id  the  value  of  the  S.  S.  iudications  for  Iowa  in  June  and  July,  1 883. 

Section  C,  Chemistry. 

R.  B.  Warder:  Suggestions  for  computing  the  speed  of  chemical  reactions. 
J.  W.  Langlet  and  C.  K.  McGee  :  On  the  sub-aqueous  dissociation  of  certain 
its. 

C.  F.  MABERTand  H.  H.  Nicholson:  On  gamma-dichlordibromopropionic  and 
mma-dichlorbromacrylic  acids. 

C.  F.  Mabert  and  Raohbl  Lloyd:  On  the  formation  and  constitution  of  chlor- 

jromacrylic  acid. 

C.  F.  Mabeby  and  G.  M.  Palmer:  On  orthoiodtoluolsulfonic  acid. 

H.  W.  Wiley  :  American  butters  and  their  adulterations. 

CLirFORD  Richardson:  The  composition  of  American  wheat  and  com;  Sotol, 

sxican  forage  plant 

B.  L.  Sturtevant:  Twelve  months  of  lysimeter  record  at  the  New  York  Agri- 
Itural  Experiment  Station. 

W.  H.  Seamen  :  New  forms  of  burettes. 

C.  Leo  Mees  :  Estimation  of  carbon  and  nitrogen  in  organic  compounds. 

Section  I),  MechaniccH  Science. 

W.  A.  Rogers:  A  method  of  testing  long  plane  surfaces,  applicable  to  the 
ignment  of  planer-beds,  lathe-beds,  heavy  shafting,  etc. 

R.  H.  Thurston  :  The  commercial  and  dynamic  efficiencies  of  the  steam-engine ; 
jntrifug^l  actiHb  in  turbines. 
21a 
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T.  R.  Bakeb:  a  comparisoD  of  terra-ootts  lumber  with  some  other  buUdiog 
materials. 

C.  M.  Woodward;  Descriptive  geometry  applied  to  the  general  elh'ptoid; 
Velocity  of  the  piston  of  a  crank  engine. 

J.  B.  Webb:  Improvements  in  shaping  machines ;  Regpilarity  of  flow  in  double- 
cylinder  rotary  pumps. 

Section  E^  Otology  and  Orography. 

G.  F.  Wright:  Result  of  explorations  of  the  glacial  boundary  between  Ne? 
Jersey  and  IHinois. 

T.  C.  Chamberlin  :  Tlie  terminal  moraine  west  of  Ohio. 

Warren  Upham:  The  Minnesota  valley  in  the  ice  age;  Changes  in  theciir* 
rents  of  the  ice  of  the  last  Glacial  epoch  in  eastern  Minnesota. 

I.  C.  White  :  Relation  of  the  glacial  dam  at  Cincinnati  to  the  terraces  od  tlie 
Upper  Ohio  and  its  tribuiaries. 

N.  H.  WiNCHRLL:  The  comparative  strength  of  Minnesota  and  New  Eogiand 
g^nites ;  Clay  pebbles,  with  an  exhibition  of  specimens  from  Princetovm,  Mio* 
nesota. 

J.  W.  Dawson  :  On  Rhizocarps  in  the  Paleozoic  period. 

James  Hall:  On  the  microscopic  structure  of  the  teEt  of  fossil  Brachiopoda. 

W.  J.  McGee  :  On  Glacial  canyons. 

Julius  Pohlman  :  The  life-history  of  Ihe  Niagara  River. 

H.  C.  BOLTOV  and  A.  A.  Julien:  The  singing  beach  of  Manchester,  Mass. 

A.  B.  Tiffany:  The  equivalent  of  the  New  York  water- lime  g^oup  deyeloped 
in  Iowa. 

Richard  Owen:  The  Earth's  orographic  framework:  its  seismology  tod 
geology ;  The  "  Continental  Type  "  or  normal  orography  and  geology  of  contiDeote. 

J.  W.  CniCKERiNG,  Jr. :  Thermal  belts. 

Wm.  McAdams:  A  now  vertebrate  from  the  St.  Louis  limestone;  Animal 
remains  from  the  Loess  and  Glacial  clays. 

G.  H.  Stone  :  The  kame  rivers  of  Maine. 

J.  D.  Daxa  :  Evidences  from  southern  Now  England  against  the  iceberg  theory 
of  the  drift. 

J.  S.  Newberry:  On  the  eroding  power  of  ice;  The  ancient  glacialion  of  North 
America,  its  extent,  cliaracter  and  teacliinga ;  On  the  genesis  and  classification 
of  mineral  veins. 

T.  Sterry  Hunt:  The  l^re-Cambrian  rocks  of  the  Alps;  On  the  serpentine  of 
Staton  Island,  Now  York. 

James  Macf.arlane:  The  ''earthquake''  at  New  Madrid,  Mo.,  in  1811,  probably 
not  an  earthquake. 

K.  W.  Claypolk:  On  the  Hamilton  sandstone  of  middle  Pennsylvania;  On  a 
largo  Crustacean  from  the  (^atskill  proiip  of  Pennsylvania;  On  Rensselaeria  anda 
fossil  fish  from  the  Hamilton  group  of  Pennsylvania. 

K.  D.  Cope:  On  tlio  strnctiiro  of  the  skull  in  Diclonius  mirabilis,  a  Laramie 
Dinosaurian;  Ou  the  Trituborculate  type  of  S'iporior  molar,  and  the  origin  of  the 
Quadrituborculato;  On  two  primitive  typos  of  Ungiilata. 

Wm.  McAdams:   Animal  remains  from  the  La'ss  and  Glacial  clays. 

A.  A.  .JuLiEX  and  11.  C.  Bolton:  The  sini^invf  beach  of  Manchester.  Mass. 

Gr.  F.  KuNZ:  Topaz  and  associated 'minerals  from  Stoneham,  Oxford  couuty, 
Maine;  Colored  tourmalines  and  loj)idolite  crystals  from  a  new  American  locality; 
A  note  on  the  finding  of  iwo  American  beryls;  Andalusite  from  a  new  American 
locality;  On  a  white  garnet  fiom  near  Hull,  Canada. 

Section  F,  Biology. 

W.  G.  Farlow:  Relations  of  certain  forms  of  Algaj  to  disagreeable  tastes  and 
odors:  The  spread  of  epidemic  diseases  in  plants. 

D.  S.  Kellicott:  Psophenus  Lecontei;  on  the  external  anatomy  of  the  larva. 
K.  L.  SruRTEVANT:  Parallelism  of  structure  of  maize  and  sorghum  kernels; 

Infiuence  of  position  ou  soed;    .Virrioultural  boiany. 

D.  P.  Pexuallow:   Relation  of  root  and  leaf  areas;  Corn. 
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HL  W.  Olatpole  :  Note  on  the  present  condition  of  the  box  huckleberry,  Vac- 
Inium  brachycerum,  in  Perry  county,  Pennsylyania ;  Notes  on  the  potato  beetle 
nd  Hessian  fly  for  1883. 

C.  P.  Habt  :  Conscious  automatism. 

E.  S.  Mobse:  Mya  arenaria;  its  changes  in  Pliocene  and  prehistoric  times;  On 

new  plan  of  museum  case. 

S.  H.  Gage:  Pharyngeal  respiration  in  the  soft-shelled  turtule,  Aspidonectes 
pinifer. 

W.  R.  DuDLKY :  An  abnormal  orchid,  Habenaria  hjrperborea ;  Origin  of  the  Flora 
f  the  central  New  York  lake  region. 

Miss  M.  E.  Murtfeldt:  Periodicity  of  Sabbacia  angularis. 

E.  P.  Rowland:  The  application  of  nitrous  oxide  and  air  to  produce  Anses- 
hesia,  with  clinics  on  animals  in  an  experimental  air  chamber. 

J.  M.  CocLTBB :  Development  of  a  dandelion  flower. 

W.  J.  Beal:  Leayes  of  the  Gramineee  with  closed  sheaths. 

J.  C  Abthuk:  a  supposed  poisonous  sea-weed  in  the  lakes  of  Minnesota. 

Joseph  F.  James:  The  position  of  the  Coi;nposita)  in  the  natural  system. 

B.  6.  Wilder  and  S.  H.  Gage:  On  the  use  of  vaseline  to  prevent  the  loss  of 
Jcohol  from  specimen  jars. 

Herbert  Osbors  :  Note  on  Phytoptidac. 

E.  8.  Bastin  :  A  fact  bearing  upon  the  evolution  of  the  genus  Cypripedium. 

C.  y.  Rilet:  The  Psyllidie  of  the  United  States;  Some  recent  discoveries  in 
eferenoe  to  Phylloxera. 

A.  Hyatt  :  Observations  on  Cephalopoda. 

Section  II,  Anthropology, 

F.  W.  Putnam:  An  abnomal  human  skull  fVom  a  stone  grave  in  Tennessee;  A 
lew  stand  for  mounting  skulls,  by  R.  K.  Chick. 

J.  0.  Dorset  :  Osage  war  customs. 

Mrs.  KBMrNNiB  A.  Smith:  Accidents  or  mode  sides  of  verbs  in  the  Iroquois 
ialects;  Life  among  the  Mohawks  in  the  Catholic  missions  of  Quebec  Province; 
Studies  in  the  Iroquois  concerning  the  verb  to  be  and  its  substitutes. 

S.  D.  Peet:  The  correspondence  between  the  prehistoric  map  of  North  America 
nd  the  system  of  social  development;  Game  drives  among  the  emblematic 
lounds;  Typical  shapes  among  emblematic  mounds:  the  different  attitudes 
xhibited  by  the  same  animal;  High  places  connected  with  ancieut  villages;  the 
Bligious  structures  common  to  villages  in  prehistoric  times ;  An  ancient  village 
f  the  emblematic  Mound  Builders;  Caches  guarded  by  effigies;  Effigies  guard- 
ig  the  village,  and  sacrificial  places  not  far  away. 

O.  T.  Mason:  The  Chamoy  collection  at  Washington. 

E.  S.  Morse:  Kitchens  of  the  East;  Methods  of  arrow  release ;  In  door  games 
f  the  Japanese. 

Wif.  McAdams:  The  great  mounds  of  Cahokia. 

Charles  Wiiitti^set  :  Metrical  standards  of  the  Mound  Builders  by  the  method 
f  even  divisors. 

John  Campbell:  The  Mound  Builders  identified. 

B.  P.  West:  Personal  observations  of  the  Missouri  River  mounds  from  Omaha 
>  St.  Louis  considered  from  a  geological  stand-point.  Their  invariable  association 
'ith  the  Loess  and  Terrace  formation. 

Miss  A.  C.  Fletcher:   Some  observations  on  the  laws  and  privileges  of  the 
rens  in  Indian  society;  Symbolic  earth  formation. 
Miss  F.  E.  Babbitt:  Vestiges  of  Glacial  man  in  central  Minnesota. 
J.  W.  Powell:  A  classification  of  the  sciences. 

Section  /,  Economic  Science  and  Statistics. 

Elizur  Wright  :  Life  insurance  and  self-insurance. 

C.  S.  MiZTER :  The  increase  of  the  colored  population  of  the  United  States. 

H.  0.  UovEY :  Oyster  farming  in  Connecticut  waters,  with  a  map  of  the  grounds, 
pecimens  of  shells,  etc. 
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C.  W.  Smiley  :  The  German  carp  and  its  introduction  into  the  United  States. 

K.  T.  Oox :  Cable  cars  for  city  passenger  traffic. 

Rdqar  Frisbie:  Building  associations. 

Stephen  S.  Haioht  :  Health  foods. 

0.  Y.  Riley  :  Improved  methods  of  spraying  fruit  and  shade  trees  for  protec* 
tion  against  leaf- feeding  insects. 

J.  R.  Dodge  :  Enhancement  of  values  in  agriculture  by  reason  of  non-agricoltanl 
population. 

T.  E.  Jefferson  :  A  new  system  for  the  treatment  of  sewer  gas. 

The  next  meeting  of  the  Assooiation  will  be  held  in  Philadel- 
phia, Professor  J.  P.  Lbslby  was  elected  president  for  the 
year.  The  vice-presidents  appointed  are,  Professor  H.  T.  Eddt, 
of  the  Section  of  Mathematics  and  Astronomy  (A) ;  John  Tbow- 
BRIDGE,  Cambridge,  Mass.,  of  Physics  (B) ;  J.  W.  Langlet, 
Ann  Arbor,  of  Chemistry  (C) ;  R.  H.  Thueston,  Hoboken,  of 
Mechanical   Science  (D) ;    JJ^.   H.    Winchbll,  of   Geology  and 


Geography  (E) ;  E.  D.  Copb,  of  Biologv  (F) ;  T.  G.  Wormlet, 
of  Histology  and  Microscopy  (G) ;  iL,^  S.  Mobsb,  of  Anthro- 
pology (H) ;  Hon.  John  Eaton,  Washington,  D.  C,  of  Economic 


Science  and  Statistics.  Dr.  Alfbbd  Spbinobb,  of  Cincinnati^ 
was  chosen  General  Secretary,  and  F.  W.  Putnam  was  continued 
as  Permanent  Secretary. 

2.  British  Association. — The  fifty-third  annual  meeting  of  the 
British  Association  was  held  at  Southport,  between  the  19th  and 
27th  of  September. 

OBITUABY. 

• 

Professor  J.  Reinhakd  Blum  of  Heidelberg,  for  many  yean 
one  of  tlie  leading  mineralogists  of  Germany,  died  on  the  22d  of 
August  last  in  bis  81st  year.  Professor  Blum's  most  important 
contribution  to  science  was  his  treatise  on  Pseudoraorphs  pub- 
lished in  1843,  with  the  four  supplements  bearing  the  dates  of 
1847,  1852,  1863,  1879.  This  subject  he  developed  with  great 
care  and  thoroughness,  and  although  subsequent  study  will  doubt- 
less carry  the  subject  much  further,  the  works  of  Blum  will  never 
lose  their  value  and  the  large  number  of  facts  he  brought  together 
will  remain  the  foundation  of  future  work  in  this  field.  In  addi- 
tion to  the  publication  of  the  volumes  mentioned,  he  also  made  a 
largo  typical  collection  of  pseudomorphs  illustrating  the  subject 
described  ;  this  collection  became  in  1870  the  property  of  Yale 
College  and  is  preserved  in  New  Haven.  Professor  Blum  was 
also  the  author  of  a  general  work  on  Mineralogy,  and  of  another 
on  Lithology  and  of  various  shorter  mineralogical  papers.  He 
was  a  man  of  most  genial  and  friendly  character  and  his  many  pupils 
who  listened  to  his  teaching  between  1828  and  1877,  remember 
with  pleasure  the  instruction  and  encouragement  which  they  re- 
ceived from  him. 

William  A.  Norton,  Professor  of  Civil  Engineering  in  the 
Sheffield  Scientific  School  of  Yale  College,  and  the  author  of 
various  papers  in  this  Journal,  and  of  works  on  Astronomy  and 
Physics,  died  on  the  21st  of  September,  in  his  73d  year.  A 
fuller  notice  is  deferred  to  another  number. 
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Art.   XXXVI. — Spectroscopic  Notes  ;    by  Professor   C.   A. 

Young,  Princeton,  N.  J. 

For  the  past  few  months  I  have  been  examining  the  spectra 
of  sun-spots  with  great  care,  and  with  an  instrument  of  high 
dispersion. 

The  spectroscope  employed  consists  of  a  comet-seeker  of  five 
inches  aperture  and  about  forty -eight  inches  focal  length,  used 
both  as  collimator  and  view-telescope  after  Littrow's  method, 
the  slit  and  diagonal  eye-piece  being  as  close  together  as  it  is 
convenient  to  place  them.  A  small  spot  of  black  paper,  about 
three-tenths  of  an  inch  in  diameter,  is  cemented  to  the  center 
of  the  object-glass  (as  suggested  by  my  colleague,  Professor 
Brackett,  in  a  note  published  in  this  Journal,  July,  1882),  and 
entirely  destroys  the  internal  reflections  which  would  otherwise 
most  seriously  interfere  with  vision. 

The  dispersion  is  obtained  by  one  of  Professor  Rowland's 
lUigriificent  gratings  on  a  speculum-metal  plane,  with  a  ruled 
Urface  three  and  one-half  inches  by  five;  14,000  lines  to  the 
r^ch.  The  slit  and  eye-piece  of  the  telescope  are  so  placed  that 
be  line  joining  them  is  parallel  to  the  lines  of  the  ruling.  An 
istrument  of  this  sort  is  incomparably  more  convenient  than 
ne  in  which  the  collimator  and  view-telescope  are  separate, 
bough  of  course,  on  account  of  the  inclination  of  the  visual 
ays  to  the  axis  of  the  object-glass,  there  is  a  little  aberration, 
nd  the  maxtmiasimum  of  definition  is  not  quite  reached.  There 
3  no  diflftculty,  however,  in  seeing  easily  the  duplicity  of  the 
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i's,  Ej  and  other  similar  teAts,  with  the  instrumeDt  thus  ar- 
ranged. The  spectroscope  is  mounted  upon  a  strong  plank, 
stiffly  braced,  and  this  is  attached  by  powerful  ring-clamps  to 
the  tail-piece  of  the  twenty-three-inch  equatorial  of  the  Halsted 
observatory,  so  that  the  image  of  the  sun  falls  directly  upon 
the  slit 

The  detailed  examination  of  the  spot-spectra  has  been  thus 
far  con6ned  mainly  to  a  few  limited  regions  in  the  neighW 
hood  of  C,  D  and  b. 

With  the  high  dispersive  power  employed,  the  widening  and 
**  winging"  of  the  heavier  lines  of  the  spectrum  is  not  well 
seen,  not  nearly  so  well  as  with  a  single  prism  spectroscope 
All  diffuse  shadings  disappear  much  in  the  same  way  as  the 
naked  eye  markings  on  the  moon's  face  vanish  in  a  powerfd 
telescope — to  be  replaced  by  others  more  minute  but  not  leas 
interesting.     In  a  few  spots,  however,  the  broadening  of  the  Da 
and  the  reversal  and  occasional  "lumping"  of  C  has  been  no- 
ticeable even  with  this  high  dispersion.     But  the  most  striking 
result  is  that  in  certain  regions  tne  spectrum  of  the  spot-nucleas, 
instead  of  appearing  as  a  mere  continuous  shade,  crossed  here 
and  there  by  markings  dark  and  light,  is  resolved  into  a  coant- 
less   number   of  lines,  exceedingly  fine   and   closely  packed, 
interrupted  frequently  between  E  and  F  (and  occasionally  be- 
low E)  by  lines  as  bright  as  the  spectrum  outside  the  spot. 
These  bright  lines,  so  far  as  the  eye  can  determine,  may  be 
either  real  lines  superposed^  or  merely  vacancies  left  in  the  shad- 
ini;  of  line  dark  line^  since  tliev  are  not  sensiblv  brighter  tiian 
the  ordinary  background  of  the  surrounding  spectrum. 

The  darker  and  more  intense  the  spot,  the  more  distinctjy- 
the  line  lines  come  out,  both  the  bright  and  the  dark;  and  so 
far  as  I  have  been  able  to  make  out  yet,  there  is  no  difference 
as  regards  these  tine  lines  between  one  spot  and  another.  T 
have  never  yet  seen  any  evidence  of  displacement  in  them  due 
to  nifUion,  no  "lunipiness"  nor  want  of  smoothness  in  them. 

When  seeing  is  at  the  best,  and  everything  favorable,  close 
attention  enables  one  to  trace  nearly  all  these  lines  out  beyond 
the  spot  and  its  penumbra.  Bat  they  are  so  exceedingly  fain  t 
on  the  sun's  general  surface  that  usually  thev  cannot  be  de- 
tected  outside  the  spot  spectrum.  This  resolution  of  the  .spot- 
spectrum  into  a  congeries  of  tine  lines  is  most  easily  made  out 
in  the  green  and  blue.  Near  D,  and  below  it,  it  is  much  more 
diilicult  to  see,  and  I  am  not  even  q\iitc  sure  that  this  structure 
still  exists  in  the  rt^gions  around  C  and  below  it  Here,  in  the 
red,  even  with  the  highest  dispersion  and  under  the  most  favor- 
al)le  circumstances  of  vision,  the  spot-spectrum  appears  simply 
as  a  continuous  shade,  crossed  here  and  there  by  widened  ar/d 
darkened   lines,  which,  however,  are  very  few  and  far  betweeD 
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as  compared  with  the  number  of  such  lines  in  the  higher  re- 
gions Of  course  the  resolution  of  the  spot-spectrum  into  lines 
tends  to  indicate  that  the  absorption  which  darkens  the  center 
of  a  sun-spot  is  produced,  not  by  granules  of  solid  or  liquid 
matter,  but  by  matter  in  the  gaseous  form,  and  it  becomes  in- 
teresting to  inquire  what  substances  are  capable  of  producing 
such  a  spectrum,  and  under  what  conditions.  As  to  the  fine- 
ness and  number  of  the  lines,  it  may  be  noted  that  in  the  region 
included  between  b^  and  b^  the  single  lines  appear  to  be  each 
about  half  as  wide  as  the  components  of  6,.  and  are  separated 
by  an  interval  about  one-third  as  great  The  whole  number 
between  6,  and  b^  must  be  over  a  hundred,  though  they  are  of 
<;our8e  very  difficult  to  count  with  accuracy.  They  are  a  little 
wider  in  the  middle  of  the  spot-specirum,  in  fact  spindle-shaped, 
running  out  into  extremely  fine  threads  where  they  pass  into 
the  penumbra,  and  in  my  instrument  they  seem  to  be  a  little 
more  hardly  and  sharply  defined  on  the  upper  (more  refrangi- 
ble) edge  than  on  the  lower. 

The  bright  lines,  of  which  there  are  six  between  b^  and  6^,  are 
generally  about  as  wide  as  the  interspace  between  the  compo- 
nents of  6,.  They  are  sharply  defined  at  both  edges,  and  no 
brighter  at  the  center  than  at  the  edge,  a  fact  which  rather 
bears  in  favor  of  the  idea  that  they  are  merely  interruptions  in 
the  dark  line  series,  and  not  really  superposed  bright  lines. 
Just  above  b^  (at  X  5162*3)  there  is  a  very  conspicuous  one, 
which  is  also  noticeable  enough  in  the  ordinary  solar  spectrum. 
Attention  has  indeed  been  frequently  called  to  it  long  since  by 
other  observers.  Below  E  these  bright  lines  are  rare.  Higher 
up  in  the  s[>ectrum,  between  F  and  G,  they  become  very  nu- 
merous. 

I  have  also  made  a  considerable  number  of  observations  upon 
prominences  with  the  nine  and  one-half  inch  equatorial  and  its 
Dwn  spectroscope.  There  have  been  lately  numerous  very  fine 
exhibitions,  especially  in  connection  with  the  spots.  The  num- 
ber of  lines  reversed  in  the  spectrum  of  the  chromosphere  has  at 
times  been  very  great,  far  exceeding  the  number  observed  and 
catalogued  in  1872,  Dut  I  have  not  been  able  to  detect  a  single 
new  one  below  C,  though  the  two  mentioned  in  my  catalogue 
have  been  seen  almost  continuously.  On  two  occasions — July 
Blst  and  August  1st — a  new  line  alDove  H  {X  3884ifc2)  was  con- 
spicuously  visible  for  an  hour  or  two  each  time,  during  a  spe- 
cially vigorous  eruption  of  the  prominences  associated  with  the 
great  spot  which  was  then  just  passing  off  the  limb.  This  line 
■was  seen  easily  without  the  aid  of  any  fluorescent  eye-piece, 
and  I  am  satisfied  that  on  a  photographic  plate  it  would  have 
been  more  brilliant  than  either  H  or  K.  I  could  not  determine 
its  position  within  one  or  two  units  on  account  of  the  difficulty 
-of  identifying  the  numberless  fine  lines  around  it. 
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With  ihe  widened  slit  it  showed  clearly  the  form  of  the  lower 
part  of  the  prominence,  but  not  the  upper.  It  was  almost  pre- 
cisely imitated  by  two  new  lines  at  X  4092  and  4026 ;  and  the 
catalogue-lines  4077  and  8990  resembled  it  also.  On  the  other 
hand,  ^,  H  and  K  showed  the  higher  parts  of  the  prominence 
as  well  as  the  lower,  while  the  lines  at  4045  and  8970  were 
exceedingly  fine  and  smooth,  without  knottiness  or  structure. 

On  August  Ist,  at  2*»  58"*  local  time  (=7**  57°*  Greenwich 
time),  the  intensity  of  the  chromosphere  spectrum  was  very 
remarkable,  the  bright  lines  more  vivid  and  numerous  than 
I  remember  ever  to  have  seen  them  before.    Between  this  tim^ 
and  3.12  a  prominence  was  shot  up  in  fragments  of  flame  t<:::) 
an  elevation  of  over  120,000  miles.     It  will  be  interesting  t^ 
learn  whether  any  corresponding  magnetic  twitch  appears  o  - 
the  magnetometer  records. 

Princeton,  N.  J.,  Sept,  10,  1883. 


Art.  XXXVII. —  On  Meteoric  Iron  from  near  Dalton^  Whiifie 
County,  Oeorgia;  by  CHARLES  Upham  Shepard,  Sr. 

Whether  the  mass  here  described  is  of  identical  origin  wi  -^^ 
thftt  found  in  1877,  and  described  bv  Mr.  W.  Earl  Hidden    in 
vol.  xxi,  No.  124,  p.  287,  of  this  Journal,  is  not  quite  certaiu 
The  circumstances  connected  with   the  finding  of  the  present 
mass  are  detailed   in   the  following  letter  of  H.  C.   Hamilton, 
Esq  ,  ot  Dalton,  dated  Oct.  18th,  1882,  addressed  to  Major  E. 
Willis  (>f  Charleston,  S.  C.  : 

^^  Sir — Yours  of  the  14th  inst.  from  Professor  Charles  U. 
Shepard,  Jr.,  in  regard  to  the  meteorite  is  received.  Tlie 
meteorite  was  found  some  time  in  the  year  1879  bv  Francis  M. 
Anderson,  on  his  farm,  on  lot  109  in  the  10th  district  and  3d 
section  of  Whitiield  county,  Georgia,  about  14  miles  northeast 
of  Dalton.  It  was  discovered  while  plowing,  on  the  west  side 
of  a  ridge,  near  its  base.  The  ridge  runs  north  and  south,  and 
the  furrows  cut  east  and  west.  It  was  lying  with  its  apex 
upward,  and  buried  about  six  inches  below  the  surface  of  the 
ground. 

Some  time  during  the  fall  of  1860  an  unusual  atmospheric 
phenomenon  occurred  in  the  region.  A  bright  light  shot 
across  the  heavens,  followed  by  a  loud  report,  creating  great 
alarm  among  the  people,  many  of  whom  supposed  the  end  of 
the  world  had  arrived. 

A  large  mass  of  iron,  supposed  to  be  a  meteorite,  was  found 
half  a  mile  from  this  one,  about  the  year  1862.     It  was  sent 
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■  Cleveland,  Tennessee,  where  it  appears  to  have  been  lost 
ght  of,  as  Qothine  further  can  be  ascertAined  respecting  it." 
The  masa  now  described  belongs  to  the  meteoric  oolleciion 
f  C.  U.  Shepard,  Jr.,  of  Charleston,  S.  C.     Its  weight  is  1 L7 


The  wood-cut  shows  its  general  shape,  which  is  somewhat 
it  of  a  pear,  whose  apex  is  slightly  triliedral.  The  surface  is 
arly  black,  and  very  little  oxidated.  It  is  destitute  of  deep 
lentations;  and  presents  a  surface  with  only  faint,  wave-like 

fressiona 
t  is  more  easily  divided  with  the  saw  than  most  other  irons, 
'ing  to  the  absence  of  pyritic  veins  and  kernels.  When 
oken  across  a  thickness  of  jth  of  an  inch,  it  presents  a  coarse, 
,t  highly  uniform,  granular  structure,  and  shows  a  cleavage 
the  iodividiiala,  much  resembling  that  of  the  Braunau  iron. 
1  polished  surfaces  are  almost  perfectly  homogeneous,  being 
lolly  free  from  amygdaloidal  inclosures.  At  places  within 
inch  of  the  outside  however,  a  few  very  thin,  black,  thread- 
:e  veins  occur,  ap^rently  the  products  of  shrinkage  in  the 
ocess  of  cooling.  The  substance  of  these  veins  is  jiartly  the 
ides  of  iron,  with  which  is  intermingled  a  trace  of  chlorine, 
e  latter  probably  derived  by  infiltriition  from  the  soil.  The 
liqneecence  of  the  polished  surfaces  is  confined  to  these  black 
ims. 

The  Widman  figures  present  a  rather  remarkable  feature. 
.  the  annexed  wood-cut  they  are  copied  from  an  actual 
ipression  derived  from  an  etched  surface  of  the  iron,  with  the 
niasion  only  of  the  finer  lines  that  enclose  t)ie  white  bars 
id  traverse  the  shaded  parallelograms  and  triangles.  The  fine 
les  are  not  introduced  owing  to  the  difficulty  of  their  proper 
presentation  on  wood.  The  peculiarity  of  the  pattern  consists, 
'  the  wood-cut  shows,  in  the  tendency  in  one  series  of  bars  to 
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cross  each  other  at  right  aoglea,  while  in  a  second  series,  less 
uniform  in  width,  they  pasa  diagonally  (in  descending)  from 
right  to  left  across  the  shaded  spaces. 


I 

The  shaded  portions  are  in  no  way  different  in  composition 
or  structure  from  those  which  are  in  white,  as  may  be  seen  bj 
receiving  the  light  from  them  on  the  polished  nietallic  surfaces 
at  a  slightly  different  angle.  This  changeability  douLlles 
depends  upon  a  crystalline  structure  analogous  to  that  produc- 
ing a  similar  effect  in  numerous  crystalline  minerals,  particu- 
larly in  t!ie  family  of  feldspars. 

On  etched  surfaces,  the  schreiberaite  shows  in  exceedingly 
thin  and  nearly  straight  continuous  lines,  though  ibej  are 
occasioniilly  interrupted  at  short  intervals,  when  they  resemble 
the  markings  on  telegraphic  ribbands.  The  continuous  lines 
sometimes  swell  into  triangular  or  polygonal  enlai^emente, 
forming  a  string  of  nearly  diseonneuted  beads,  as  represented 
by  G.  Rose  in  the  Zacateoas  iron.  These  beads  he  denominaies 
crystals. 

The  specific  gravity  of  the  iron  is  7-980,  a  density  s^omeivhat 
higher  than  common  in  meteoric  irons,  but  not  unexpected  in 
one  like  llif  present,  destitute  of  sulphur  and  containing  less 
phosphorus  than  usual  in  these  bodies. 

The  analysis  of  C.  U.  Shcpard,  Jr.,  gave 

In)n 9460 

Nickel ..      4-80 

Cobalt 0-34 


With  |)liiispliin-iis,  flirnmiuni  anil  manganese  in  traces. 

It  is  to  bo  regretted  that  wc  are  unable  to  decide  wlietber 
this  meteorite  belongs  to  the  same  fall  with  the  ISpound  lus-'s 
described  by  Mr  Hidden.  The  two  were  found  at  different 
times,  several  mik-s  asunder,  and  were  totally  unlike  in  tlie 
character  of  their  surfaces.  Besides,  the  smaller  abounded  i" 
chlorous  deliquescence;  and  it  appears  to  have,  been  easily 
separated  by  cleavage,  suggesting  a  longer  contact  with  the  son. 
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Art.  XXXVIII. — Notice  of  Corundum   Gems  in  the  HimoJaya 
region  of  India  ;  by  Charles  Upham  Shepard,  Sr. 

The  discovery  of  a  remarkable  locality  of  the  sapphire  and 
ruby  in  the  Himalaya  Mountains  has  been  communicated  to 
me  by  Eev.  M.  B.  Carleion  of  Keoloo,  India,  a  former  pupil  of 
mine,  and  graduate  in^  1877  of  Amherst.  .  He  derived  his 
information  from  the  following  descripiive  note  of  Mr.  Grahame 
Young  of  Kulu. 

**  There  are  two  versions  of  the  discovery  of  the  corundum 
deposits  at  Sungchang  in  Zanskar,  one  being  that  they  were 
exposed  by  a  hill-side  slipping,  the  other  that  they  were 
discovered  by  hunters.  Their  value  was  so  lixtle  known  that 
the  villagers  bartered  them  for  a  trifle  to  Lahouli  traders,  who 
in  their  turn  vainly  endeavored  to  exchange  them  for  grain 
in  Kulu.  On  their  value  becoming  known,  there  was  a  rush 
of  jewelers  from  Delhi  and  other  places;  and  they  speedily  rose 
to  100  rs.  per  tola  =  about  £20  stg.  per  oz.,  for  good  specimens, 
at  which  rate  they  have  remained;  at  present  none  are  to  be 
had,  all  the  stock  brought  down  has  been  sold,  and  the  mine  is 
strictly  guarded  by  one  of  the  Maharajah's  Dogra  regiments. 

So  Jfar  as  I  can  learn,  the  matrix  is  a  schistose  or  slaty  rock. 
The  vein  consists  of 

I.  Ordinary  quartz  crystals,  some  very  large. 

II.  A  few  crystals  of  amethyst. 

III.  Deep  blue  corundum  of  a  beautiful  water,  very  rough 
externally,  no  crystal  more  than  4  inches  long ;  sp.  gr.  3'985. 

IV.  Corundum,  sapphire-colored  only  in  the  middle,  shading 
lighter  until  both  base  and  apex  are  perfectly  limpid. 

V.  Perfectly  limpid  corundum. 

VI.  Black  corundum. 

VII.  Opaque  white  corundum,  sapphire  tinge  in  places, 
small  black  crystals  (probably  tourmaline)  imbedded.  All  the 
abc^e  are  beautifully  crystallized,  apex  very  acute. 

VIII.  Massive  corundum,  both  black  and  opaque  white. 

IX.  Chlorite,  crystals  imperfect 

X.  A  little  magnetite. 

The  Maharajah  has  recently  released  from  prison  and  largely 
rewarded  two  native  hunters,  who  had  been  imprisoned  for 
dealing  in  sapphire,  on  condition  of  their  showing  him  two 
other  deposits,  one  of  blue  and  the  other  of  red  corundum.  I 
have  no  information  regarding  these  deposits.*  A  small  frag- 
ment of  the  red  corundum   has,   however,  found  its   way  to 

*  And  up  to  this  time,  May  22,  1883,  I  have  heard  nothing  further  concerning 
them. — W.  B.  Carleton. 
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Kulu ;  it  is  true  oriental  ruby,  perfectly  clear,  and  of  a  beautiful 
water. 

The  facts  I  have  collected  regarding  the  first  discovered 
deposit  are  derived  from  an  examination  I  made  of  about  an 
hundred  weight  of  the  crystals;  their  owner  would  not  allow 
me  to  apply  any  tests,  but  I  used  a  compound  lens  magnifying 
80  diameters.  A.  Grahame  Young. 

Kulu,  Aug.  8,  1882." 

The  discovery  has  the  greater  interest  for  us  owing  to  certain 
analogies  in  the  mode  of  occurrence  and  some  other  particulars 
between   the  crystals  found  in  India  and   those  produced  at. 
several  of  the  American  localities.     These  resemblances  are  the 
most   striking   between    the  Indian    specimens   and    those  of 
Laurens  district;  South  Carolina.     At  this  latter  place  the  crys- 
tals are  enclosed  in  a  highly  micaceous  schist  as  well  as  funnel 
loose  in  the  contiguous  soil;  tf  ey  are  very  abundant;  of  tbc 
same  size,  surface  and  form  as  those  described   by  Mr.  Young  ; 
possess  a  similar  coloration  except  with  greatly  inferior  tints  of 
Wue  and  red ;  but  are  traversed  by  abundant  cleavage  flayvs 
and  destitute  of  transparency. 

The  Pelham,  Massachusetts,  corundum,  which,  however,    is 
by  no  means   abundant,  closely   resembles   that   of   Laurens, 
except  that  it  is  imbedded  in  a  scaly  biotite  intermingled  wit.li 
verrniculite  and  ripidolite,  with  occasional  inclosures  of  anor- 
thite  seams. 

Tlie  crystals  of  the  Burke  and  Iredel  county  rcnfioi)  of  Nort/j 
CaroliiKi,  tliough  considerably  different,  si  ill  remind  us  of  those 
from  Ijaurens.     So  far  as  I  know  they  are  only  loose  in  the  soil. 
They  vary  from  one  to   four  inches  in  lenurth,  are  generallj 
pyramidal  in  form  and  coated  by  a  glaze  of  ^ray  rnuscovite,  as 
thou<j:li  tliey  had  ori<:i:i!iated   in   mica-slate.     Numbers  of  them. 
and  ir(Mierally  of  larger  size,  are  hexagonal  prisms,  and  thicklv 
drused  over  with  short  implanted  crystals  of  white  margnrite. 
Indeed,  nearly  all  the  crystals  from  this  region,  when  broken 
across,  exhibit  an  exterior  annulus  of  this  species,  while^lie 
interior  is  distinctly  stellated;  and  when  the  surface  is  polished 
a   copjier-colored   chatoyement  is  sometimes   ])resented.     The 
colors  of   the  Iredal    crystals  are   less   intense   than   those  of 
Laurens  or  Pelham. 

The  only  analogy  between  the  Indian  crystals  and  the  sap- 
phire and  ruby  of  Macon  and  Clay  counties,  of  North  Carolina, 
consists  in  the  association  of  ri})idolite  with  both. 

The  resemblances  here  pointed  out  appear  to  me  sufficiently 
im[)ortantto  encourage  the  expectation  that  valuable  corundum 
gems  may  yet  be  found  in  the  United  States. 

New  Il.'iven,  July  19,  1H83. 
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Art.  XXXIX. — Phenomena  of  the  Glacial  and  Champlain 
periods  about  the  mouth  of  the  Connecticut  valley — that  is,  in 
the  New  Haven  region  ;  by  James  D.  Dana. 

The  Glacial  phenomena  over  the  New  Haven  region  have 
many  points  oi  special  interest,  an  important  part  of  which 
arise  from  the  fact  that  the  ice  of  northern  New  England 
which  had  moved  down  the  Connecticut  valley  or  trough,  here 
left  the  mainland  for  a  passage  througli  Long  Island  Sound. 
The  subject  includes  therefore  a  discussion  of  the  relations 
between  the  part  of  the  glacier  to  the  north  and  that  over  the 
Sound  and  beyond,  and  suggests  questions  as  to — 

(1)  The  thickness  of  the  glacier  at  this  southern  end  of  the 
trough,  and  the  pitch  along  the  trough, 

(2)  The  fact  or  not  of  two  directions  of  movement  in  the  ice 
—a  lower  or  trough  stream  south -south  west  ward,  and  an  upper 
Mream  southeastward ;  and,  if  two,  as  to  their  being  simulta- 
neous or  not. 

(3)  Any  mixing  of  drift  materials  from  the  two  streams. 

(4)  The  direction  of  movement  after  escapino;  from  the  con- 
fines of  the  Connecticut  trough*  and  entering  the  east-and-west 
'rough  of  the  Sound. 

(5)  Any  effects  in  the  New  Haven  region  consequent  on  a 
rh:inge  of  direction  in  the  glacier-movement. 

The  phenomena  also  of  the  early  Champlain  period,  when 
lie  floods  f.»*om  the  dissolving  glacier  were  pouring  down  the 
^-alley  and  made  use  of  New  Haven  Bay  for  the  outlet  of  part 
3f  the  waters  — repeating  the  drainage  conditions  that  existed 
ong  before  in  Triassic  time — have  a  wide  bearing,  especially 
:hose  connected  with — 

(1)  The  structure  and  seaward  slope  of  the  New  Haven  ter- 
race-formation, or  the  deposits  of  stratified  drift  which  underlie 
the  broad  New  Haven  plain. 

(2)  The  occurrence,  over  the  flood-made  fluvial  deposits  of  the 
plain,  of  more  than  forty  isolated  basin-shaped  cavities  called 
*'  kettle-holes." 

(3)  The  existence  also  of  two  broad  north-and-south  depres- 
sions in  the  plain,  each  over  a  mile  long,  which  look  like  deserted 
river  channels. 

(4)  The  apparent  connection  of  these  depressions  and  the 
"  kettle-holes  "  with  a  former  system  of  drainage,  characteristic 
of  the  Glacial  era. 

(5)  The  existence  of  a  terrace  on  the  bay,  testifying  to  the 
sea-level  during  the  era  of  the  flood. 
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Some  of  these  points  were  discussed  by  me  in  1870,  in  a 
>aper  on  "the  Geology  of  the  New  Haven  Region/'  published 
)y  the  Connecticut  Academy  of  Sciences  in  the  second  volume 
>f  its  Transactions.  But  since  that  time  many  new  facts  have 
:ome  to  light,  sustaining  some  of  the  conclusions  then  presented 
md  requiring  modifications  of  others,  besides  affording  fuller 
llustrations  of  all  the  various  characteristics  of  the  plain, 
further,  in  the  interval  which  has  elapsed,  a  topographical 
urvey  and  chart  of  the  region  have  been  made  under  the 
luspices  of  the  Coast  Survey  and  the  special  superintendence 
)f  Mr.  E.  M.  Bache,  assistant  U.  S.  Coast  Survey,  laying  down 
he  features  of  the  surface  with  great  accuracy,  and  indicating 
he  level  over  the  whole  area  by  20- foot  contour  lines.  In  my 
jndeavor  to  secure  such  a  survey,  I  had  especially  in  view  its 
ise  as  a  basis  for  geological  investigations  and  reports;  and  it 
ulfills  well  the  purpose.  Moreover,  it  has  brought  to  view  new 
acts,  and  given  greater  precision  to  our  knowledge  of  tOf)0- 
^raphical  details.  A  review  of  the  subject  with  the  aid  of  all 
he  additional  light  obtained  is  therefore  needed. 

On  the  preceding  map,  the  New  Haven  region  comprises  all  of 
be  area  south  of  the  trap-and-sandstone  range  of  Mt.  Carmel, 
nd  east  of  the  range  oi  hills  of  metamorphic  schists  which 
lake  its  western  border  through  the  towns  of  Orange,  Wood- 
ridge  and  Bethany. 

The  western  border  region  has  a  rather  abrupt  eastern  front, 
id  rises  in  height  from  100  feet  above  mean-tide  level  on  the 
)uth  to  650  feet  on  the  north.  This  western  border  was  the 
estern  margin  of  the  deep  Connecticut  trough  and  estuary  of 
riassico-Jurassic  time,  all  the  rocks  of  the  region  eastward 
f  it  being  trap  and  sandstone  of  that  era;  and  it  was  the  occa- 
on  of  important  results  also  in  the  Glacial  and  Champlain 
eriods.  South  of  Westville  it  is  a  double  ridge — that  of  a 
roken-backed  anticlinal — a  shallow  valley  of  ledges  and 
larshes  (one-fourth  to  three-fourths  of  a  mile  wide)  separating 
n  eastern  and  a  western  range  of  hills.* 

The  outline  of  the  flood-made  terrace-formation  is  indicated 
n  the  map  by  a  dotted  line,  at  the  base  of  the  hills.  As  is 
een,  the  three  principal  valleys  and  former  flood- ways  of  the 
egion — West  River,  MilT  River  and  the  Quinnipiac — open 
outhward  into  the  broad  New  Haven  plain.  The  Quinnipiac 
^alley  is  separated  from  that  of  Mill  River  by  the  Quinnipiac 
idge,  made  of  sandstone  hills  100  to  250  feet  in  height,  with 
3ast  Rock  ridge,  862  feet  in  greatest  height,  at  its  south  end  ; 
;nd  Mill  River  valley  from  that  of  West  River,  by  the  "  West 
iock  Ridge"  of  trap  (doleryte)  400  to  600  feet  in  height, 
ogether  with  the  various  sandstone  hills  that  lie  to  the  east  of  it. 

*  The  valley  is  called  (from  one  portion  of  it  at  M  on  the  map)  Maltbj  Park 
rallej.    See  also  the  map  on  page  358. 
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On  the  eastern  margin  of  the  region  the  hills  are  of  trap  and 
sandstone ;  the  largest  of  the  trap  ridges  constitutes  the  western 
border  of  Lake  Saltonstall. 

After  this  introduction,  I  will  take  up,  first,  the  phenomena 
of  the  Glacial  period,  discussing  the  points  in  the  following 
order: 

1.  The  fact  of  a  southward  (S.  by  W.)  movement  in  the 
lower  ice  of  the  glacier  along  the  Connecticut  valley,  and  the 
angle  of  slope  of  the  surface  of  the  ice  in  the  direction  of  the 
valley. 

2.  The  fact  of  a  southeastward  movement  (S.S.E.  to  S.E.)  in 
the  upper  ice. 

3.  The  correlations  of  the  two  movements  as  to  time  and  as 
to  drift  depositions. 

4.  The  direction  of  movement  over  Long  Island  Sound. 

5.  The  drift  deposits,  and  the  probable  eflfects  of  the  wrench- 
ing attending  the  change  of  direction  which  they  exhibit. 

L    Glacial  Phenomena. 

1.    T/ie  fad  of  a  Connecticut  valley  movement  and  tlte  probable  sur- 
face-slope of  the  ice  in  the  direction  of  the  valley. 

a.  The  fact  of  the  valley  movement — The  fact  of  the  vallej 
movement  I  pointed  out  in  1871,"*^  basing  the  conclusions  on 

(1)  obstirv.ntions  in  Miissnchuselts,  by  Professor   Kdward  Hitch- 
cock, [Miblisht'd  in  ilie  Massachusetts  G<'ol(>i2rical  Report  (1841). 

(2)  c)l)servations  in  Vermont,  from  the  Vermont  GeoloLncal 
Rcjjort  (1801),  made  chiefly  hy  Professor  C.  H.  Hitchcock,  (^) 
a  map  of  New  IIam})shire  bv  the  latter,  giving  the  directions 
of  glacial  scratches,  published  in  advance  of  the  final  Report  on 
the  (leology  of  that  State,  and  (4)  on  my  own  investigations. 
The  facts  su]>])lie(1  1)V  Professor  Kdward  Ilitchcock,  the  earliest 
careful  investigator  of  the  subject  on  the  continent,  were  suffi- 
cient alone  to  estahlish  ilie  truth  announced:  and  he  recognized 
it,  but  made  the  ic(^  rnainlv  that  of  iceberi^s.  The  same  con- 
elusion  is  presented  in  the  Vermont  Report.  But  in  the  New 
Hampshire  Report,  published  in  1878,  the  movement  is  made 
by  Professor  C.  11.  Ilitciicock  a  f/hicif^r  movetneni. 

The  (iict  />  prored  hi/  ilie  'jlacia^  .^cratches  All  observations  from 
New  Haven  northward  to  Windsor  in  Vermont,  140  miles. 
give,  with  rare  excej>tions,  courses  between  S.  and  S.  20'  W. 
In  the  upper  part  of  the  valley,  north  of  Windsor  to  Wells 
River,  ()0  miles,  both  southward  and  southeastward  directions 
occur. 

It  is  proved  aho  htj  tlit  drifi  trah.<portation.  Of  the  drift  mate- 
rial in  the  New  Haven  region,  more  tlian  99  per  cent,  including 
bowlders  innumerable,   from  one  ton   to  1200  tons  in  weight, 

♦  This  Journal,  II,  li.  233. 
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were  derived  from  the  trap  and  sandstone  of  the  valley^  that  is, 
were  taken  up  in  the  valley  and  transported  along  the  vailey. 
The  proof  is  hence  positive  that  the  transporting  agent  moved 
down  the  valley,  gathering  the  stones  and  earth  by  the  way, 
and,  sooner  or  later,  depositing  also  by  the  way.  The  mean 
coarse  of  the  Connecticut  valley  in  Connecticut,  from  the 
Massachusetts  boundary  to  New  Haven  bay,  is  S.  17**  W.,  and 
this  is  about  the  mean  course  of  the  scratches  and  drift. 

6.  Directiovs  of  the  bottom  movement  over  the  New  Haven  re- 
gion;  Oie  large  amount  o/' WESTING  almig  the  western  border  and 
beyond  over  Orange  and  MUford, 

The  glacial  scratches  in  the  eastern  part  of  the  New  H:iven 
region,  over  East  Haven,  alout  the  various  opened  quarries, 
indicate  a  movement  in  the  direction  S.  13°  W.     The  usual 
trend  of  the  sandstone  ridges  of  East  Haverj  is  about  the  same, 
showing  that   they  owe  their  forms  to  glacier  abrasion.     Sa- 
chem's Ridge   (Sm    on   the  map),  made  into  a  ridge   by   the 
ploughing  glacier,*  because  of  the  protecting  Mill  Rock  to  the 
north,  has  a  trend  of  S.  11^°  W.     Jd  Hamden,  farther  north, 
'1)6   '*Quinnipiac  Ridge"  (similarly  carved  out  by  the  glacier 
because  under  the  lee  of  Mt.  Carmel)  has  the  mean  course  S. 
16°  W-     The  valleys  and  sandstone    ridges  west  of  this  ridge 
have  nearly  the  course  of  the  West  Rock  ridge  to  the  west  of 
them,  or  S.  26°  W.f     Along  the  western  border  of  the  New 
tlaven  region,  in  Orange,  the  course  at  the  many   scratched 
ledges  is  S.  26°-38°  W.,  and  mostly  S.  33°  W.     But  it  varies 
over  Maltby  Park,  (M  on  map)  to  S.  45°  W.  and  S.  56°  W. 
^r>wing  to  local  conditions. 
-    The   large   amount  of  westing  on  the  western   border  was 

eointed  out  in  my  paper  on  the  New  Haven  region  of  1870; 
at  I  have  now  the  additional  fact  that  the  course  S.  33°  W. 
<3ccurs  to  the  westward  of  this  border  over  Orange  and  Mil  ford, 
:for  half  a  dozen  miles  from  the  New  Haven  region,  or  nearly  to 
%he  Housatonic  and  Naugatuck  valleys,  showing  that  the  south- 
'westward  movement  had  a  wide  westward  extension.    The  fact 
points,  I  suppose,  only  to  near  uniformity  of  direction   in  the 
low  and  broad  valleys  and  ridges  of  the  surface ;  and   proves 
that  the  topography,  notwithstanding  the  fact  that  the  rocks 
are  fragile  slates,  was  of  pre-Glacial  origin.:]: 

*  PloughiDg  deeplj  over  the  soft  sandstone  formation,  but  feebly  abrading  over 
the  trap. 

f  An  exception  as  to  westing  occurs  two  miles  north  of  Wostville  in  the  nar- 
row West  River  valley,  where  the  course  of  grooving  over  the  slat©  roc*ks  is 
South ;  an  exceptional  course  evidently  due  to  the  form  of  the  surface  at  the 
place. 

X  Many  variations  in  the  directions  of  glacial  scratches  are  due  simply  to  the 
varying  slopes  in  the  land-surface  underneath.  The  variations  usually  found 
about  a  knoll  are  an  example  on  a  small  scale.  Only  when  the  slopes  of  the  land- 
surface  and  upper  glacier-surface  coincide  in  compass-course,  will  the  scratchea 
have  the  direction  of  the  glacier-flow.    If  these  surfaces  are  oblique  to  one  an- 
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The  positions  of  the  great  bowlders  and  of  the  accumulations 
of  drift  correspond  as  to  the  amount  of  westing  with  the 
courses  of  the  scratches. 

The  larger  bowlders  of  trap  and  sandstone  lie  in  the  loesUm 
half  of  the  New  Haven  region.  Further,  they  are  gathered  in 
great  numbers,  together  with  thick  deposits  of  till,  along  the 
hilly  western  border^  and  especially  the  eastern  declivity  of  the 
high  horde)* — as  if  moraine-like  in  origin.  But  some  bowlders 
of  large  size  occur  on  the  top  and  eastern  declivity  of  the 
West  Rock  ridge,  which  is  one  to  two  miles  east  of  that  west- 
ern border,  and  a  few  are  found  farther  east 

One  of  the  largest  of  the  trap  bowlders,  called  the  Judges' 
Cave,  lies  on  the  top  of  the  West  Rock  ridge  (at  J,  a  mile  north 
of  Westville),  at  a  height  of  about  365  feet,  where  it  was  prob- 
ablv  stranded  because  25  feet  too  low  in  the  ice  to  clear  the 
top  of  the  ridge.  It  is  now  in  a  few  large  pieces,  probably 
through  the  rending  action  of  growing  trees,  but  weighed 
when  entire  at  least  1000  tons.  Just  a  mile  west  of  the 
**  Judges'  Cave'*  on  the  ^V\)odbridge  declivity,  lies  a  still  larger 
bowlder  of  trap  and  entire,  its  extreme  length  42  feet,  and  es- 
timated weight  1200  tons.  The  spot  where  it  rests  is  about 
860  feet  above  the  sea-level,  and  20  feet  below  the  summit 
beyond  it.  But  a  few  rods  south  lies  another  of  100  tons,  and 
a  few  hundred  yards  to  the  north  there  is  a  group  of  five  great 
trap  bowlders,  the  largest  about  200  tons  in  weight,  that  were 
similarly  stranded — a  most  impressive  assemblage.  Three- 
fourths  of  a  mile  north  on  tJie  sanif  decUvittj  lies  another 
bowIdiM*  oi  5(K)  tons.  Many  more  of  ereat  size — 500  tons  to 
10  (oqnivalent  to  OO^H)  cubic  feet  to  120),  occur  both  north 
and  south  aloni;-  this  border.  Further,  very  few  trap  bowlders 
of  V.w^^e  size  passed  its  summit.  One,  measuring  13x9x5 
fc(n,  lies  a  mile  west,  of  it  in  southern  Woodbridge  ;  a  group  of 
others,  the  laruest  17x15x5  feet,  at  the  same  distance  nearly, 
in  northern  Woodbridge:  and  one  of  8x5x7  feet  in  northern 
Orange,  west  of  ^laltby  Park.  Smaller  trap  bowlders  or  stones 
lunvever,  with  others  of  sandstone  are  widely  distributed  for 
three  to  six  miles  in  that  direction;  on  the  south  they  reach  be- 
youil  Mil  ford. '^ 

The  eo ;</>•<    t'/' /n//v  ^  of  some  of  these  irrcat  bowlders  can  be 
made  out  quite  closely.     They   were  derived  either  from  the 

otht-r.  llio  >iTal«lios  at  l)',»tt«'iii  will  liavt-  an  inlrrniotiiaUMliroctioii.  whieli  willlse 
d«  !irinin«il  l»yilMlu'  aiiirlos  oi  ilio  two  s1o|Vs.  (2)  tho  anjile  between  the  (lij)- 
<liro»'tiv'ns.  ami  i!*)  liie  thivKii-.  >s  .-t'  the  <>verlyiii^'  L:la(Mer.  (The  velcx'ity  was  tiK) 
siu;il!  \o  1m»  ii\«'lml<il.  >  ll<Mn'f,  some  variati-Mis  in  the  din^ction  of  seratclies  in  ;i 
jrivon  reirioM  an^  tt»  W  exn.^'to.i  ra:her  than  }^erfeet  uniformity,  even  where  there 
are  n*  difim-il  trouirhs  i>r  valleys. 

^A  trap  howMtT.  measurinc  l'»  '  >^  v  ♦>  feet,  lies  near  the  Housatonie  River 
above  the  railroad  erossiuir:  hut  it  is  pn»bahly  from  a  dike  that  intersects  the 
metamorpliie  roeks  tVom  soutluTu  Woodbridge  to  the  mouth  of  the  Housatonia 
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West  Rock  Ridge  or  from  some  part  of  the  Mount  Tom  range* 
to  the  north  ;  for  the  more  eastern  trap  ridges  are  too  far  ^ast. 
They  are,  for  the  most  part,  alike  in  consisting  of  fine-grained 
much-rified  trap,  the  variety  that  occurs  only  as  the  outside  of 
the  ejected  trap-masses  where  the  melted  rock  was  rapidly  cooled 
against  the  sandstone  or  air.  Hence  they  probably  came  from 
the  top  of  the  ridges,  for  the  sloping  eastern  side  is  now  usually 
under  siindstone  to  within  100  feet  (in  height)  of  the  top,  and 
the  western  is  that  of  the  bold  columnar  front. 

The  trap  ridges  projected  upward  into  the  ice  abruptly,  several 
hundred  feet — the  Mt.  Tom  ridge  (or  that  from  Meriden  to  Mt. 
Tom  in  Massachusetts)  probably  600  to  900  feet ;  a  most  favor- 
able condition  for  the  successful  rending  and  grasping  work  of 
the  glacier.  The  Mt.  Tom  ridge  is  996  feet  high  (Guyot)  in- 
South  Mountain,  Meriden,  985  feet  in  Talcott  Mountain,  west  of 
Hartford,  and  1214  feet  in  Mt.  Tom.  Some  of  the  fallen  masses 
at  the  base  of  its  bluffs  near  Meriden  are  as  large  as  the  largest 
of  the  bowlders.  Moreover,  the  trap  (doleryte)  of  this  western 
trap  range  in  Connecticut  is  mostly  a  hard,  durable  rock,  while 
that  of  the  more  eastern  trap  range  is  generally  a  hydrous  or 
chloritic  kind,  very  decomposable,  and  having  usually  only  small 
chips  as  its  fallen  masses.  This  is  one  reason  why  large  trap 
bowlders  are  rare  to  the  eastward. 

The  "Judges*  Cave"  certainly  came  from  the  Mt  Tom  ridge, 
— either  the  main  ridge  or  those  subordinate  to  it,  and  either 
from  the  vicinity  of  Meriden  (16  miles  distant),  or  some  point 
farther  north.  The  trap  beneath  it  is  very  unlike  that  of  the 
bowlder.  If  from  the  Mt.  Tom  ridge,  the  direction  of  travel 
was  between  S.  22°  W,  and  S.  12°  W.— the  latter  if  from  the 
northern  half  of  the  ridge. 

The  1200-ton  bowlder,  near  the  top  of  the  Woodbridge  bor- 
der, was  probably  from  nearly  the  same  source,  the  rock  being 
closely  the  same ;  and  its  course  was  therefore  between  S. 
24°  W.  and  S.  16°  W.  If  the  former,  it  had  passed  over  the 
West  Rock  ridge,  at  a  height  of  at  least  500  feet ;  if  the  latter, 
its  course  was  west  of  this  ridge. 

Supposing,  in  the  case  of  each  of  these  bowlders,  the  height 
whence  taken  to  have  been  900  feet,  the  former  had  sunk  in 
the  ice  before  landing  550  feet,  and  the  latter  540  feet.  A  500- 
ton  bowlder  that  must  have  had  the  same  course  with  the 
•*  Judges'  Cave"  and  may  have  been  its  near  companion  in  the 
ice,  continued  on  over  the  West  Bock  ridge  and  now  lies  S.  21° 
W.  of  it,  a  mile  and  a  half  farther  south  (on  the  grounds  of 
Mr.  Donald  G.  Mitchell).  It  is  about  120  feet  above  the  sea- 
level — which  indicates  a  sinking  in  the  ice,  after  passing  the 

*  The  Mount  Tom  range  of  trap  extends  north  from  Meriden  to  Mt  Tom  in 
Massachusetts.    See  map,  Plate  v,  in  volume  zxiv,  of  this  Journal,  June,  1883. 
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West  Rock  ridge,  of  nearly  300  feet,  or  half  the  whole  amount 
it  experienced  before  it  landed.  Two  other  large  bowlders  lie 
near  it.  It  is  possible  that  these,  and  others  of  the  bowlders, 
reached  terra  firma  at  the  final  nielting,  or  through  crevasses, 
in  which  case  part  of  the  sinking  may  have  taken  place  abruptly. 

The  distribution  of  bowlders  and  till  along  the  western 
border  has  been  stated  above  to  be  somewhat  moraine-like. 
But  it  is  largely  a  consequence  of  the  fact  that  these  hill-slopes, 
100  to  400  feet  in  height  above  the  plain  fronting  them,  faced 
obliquely  the  advancing  ice,  the  trend  of  the  border  being 
nortli  and  south,  and  the  flow  of  the  ice  S.  12*^-35°  W.  Con- 
sequently, as  above  illustrated,  the  stones  and  earth  that  were 
not  high  enough  in  the  glacier  to  pass  the  summit,  were 
.dragged  out  or  dropped.  There  was  also  diminished  move- 
ment and  therefore  long  detention  of  the  ice-conditions  against 
the  declivity,  and  this  favored  deposition. 

c.  Probable  slope  of  Vie  uppet'  surface  of  the  ice  dawn  the  valkt/, 
-  -To  understand  the  conditions  at  the  south  end  of  the  great 
valley  it  is  necessary  here  to  consider  the  question  as  to  the 
slope  of  the  ice  in  the  direction  of  the  Connecticut  valley  on 
which  the  southward  movement  was  more  or  less  dependent 

Wells  River  (a  little  north  of  the 'latitude  of  the  White 
Mountains),  is  distant  from  New  Haven  about  200  miles,  and 
from  the  south  shore  of  Long  Island,  the  supposed  southern 
limit  of  the  glacier,  240  miles.  The  height  of  the  ice-surface 
about  the  White  Mountains  above  the  sea-level,  according  to 
the  best  observations,  including  those  by  Professor  C.  H.  Hitch- 
cock, was  at  least  6,000  feet  and  probably  6,500  feet.  Assam- 
int{  the  height  to  have  been  6,000  leet  and  this  level  to  have 
extended  west-by  nortlj  (the  probuble  direction  of  eontour  lines 
on  the  glacier)  over  the  Wells  Kiver  region,  the  slope  of  the 
ice  along  the  24:0  miles  would  have  been  about  0*17',  equal  to 
4f  feet  in  1,000,  or  25  feet  per  mile.  With  the  height  6,500 
the  slope  would  have  been  5  feet  in  1,000.  Either  angle  of 
slope  is  very  small.  In  the  Alps  the  lowest  mean -slopes, ire 
2  J°  to  8°,  or  -IJ  to  5^  feet  j)er  100,  a  rate  ten  times  greater  than 
the  above ;  but  the  thickness  of  the  ice  there  is  not  over  500 
feet.  In  Greenland,  where  the  conditions  were  much  like  those 
of  glaciated  North  Anieriea,  the  slope  observed  by  Jensen  over 
the  Frederiekshaab  glacier*  was  0'49'5  or  about  75  feet  per 
mile  ;  and  that  measured  by  Ilelland  on  the  glacier  in  the  vicin- 
ity of  Jakobshavn,  0*26',  or  about  45  feet  per  mile.  45  feet  to 
the  miJe  would  make  the  height  of  the  ice-surface  at  Wells 
Eiver  over  10,000  feet.f 

From  such  facts  it  would  appear  to  be  a  safe  conclusion  that 

*  Meddelelser  oin  GrGiiland  1879,  and  this  ,Tournal,  III,  xxiii,  363,  1882. 

f  Even  smaller  angles  of  slope  are  stated  to  be  sufficieut  to  cause  motioD  in 
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height  of  the  ice-surface  above  the  sea-level  at  Wells  River 
I  the  White  Mountains  was  at  least  6,000  feet.  On  this 
nmption,  and  supposing  the  slope  of  a  line  on  the  surface  in 
direction  of  the  valley  eouable,  and  the  height  at  the  south- 
termination  on  Long  Island,  100  feet,  the  height  over  the 
ion  of  Windsor  and  Mt  Ascutney,  in  Vermont,  would  have 
in  about  4,500  feet,  and  over  the  New  Haven  region  very 
iriy  1,000  feet 

X  is  still  a  question  whether  the  height  of  the  ice-surface  to 
northward  was  due  solely  to  the  accumulation  of  ice  and 
.  partly  to  an  increase  in  the  southward  slope  of  the  land, 
t,  since  even  an  increase  in  elevation  of  500  feet  would  make 
le  difference  in  the  result,  it  follows,  if  the  above  conclusion 
bo  the  amount  of  slope  required  for  movement  in  the  valley 
idmitted,  that 

1)  For  movement  down  the  valley  the  ice  should  have  had  nearly 
mite  its  maximum  thickness  ;  that  is,  the  maximum  thickness 
ihe  great  glacier  over  that  region.     Further,  that 

2)  Its  flow  could  not  have  continued  after  melting  had  far  ad- 
ced;  and  further,  that 

8)  Movement  in  the  valley  over  lower  New  England  by  local 
:iers  after  the  disappearance  of  the  general  glacier  is  improbable; 
supposed  local  glaciers  (as  the  scratches  likewise  show)  were 
^ed  in  the  one  great  glacier,  and  acted  locally  only  through  its 
Supposing  the  great  glacier  to  have  melted  away  so  as  to 
e  reduced  the  ice  over  the  valley  to  just  the  limits  of  the 
mecticut  valley,  which  is  nowhere  over  1,500  feet  deep  and 
erally  less  than  1,000,  it  is  not  at  all  probable  that  with  this 
)e  (the  mean  for  the  valley  3*3  feet  a  mile,  this  Journal, 
ii,  190,  1882)  the  ice  could  have  overcome  the  various  resist- 
es  to  motion. 

The  fact  of  a  southeastward  movement  in  the  upper  ice  of  the 

Glacier, 

?he  evidence  as  to  a  southeastward  movement  in  the  upper 
is  afforded  by  glacier  scratches  outside  of  the  valley,  ana  by 
isported  bowlders  within  it  as  well  as  outside. 
.  Olacial  scratches  over  the  high  plateaus  of  western  and 
thwestern  Connecticut,  800  to  1,500  feet  in  elevation,  have 
jctions  between  S.  12°  E.  and  S.  45°  E. 

>nland,  but  better  measurements  and  knowledge  of  conditions  are  needed 
re  any  confident  conclusion  can  be  drawn. 

I  mj  paper  of  1873  (this  Journal,  III,  v,  108),  I  assume  a  slope  of  at  least  10 
a  mile,  and  this  gave  a  height  for  the  glacier  of  13,000  feet  in  the  region  of 
supposed  icy  plateau  on  the  Canada  water-shed.  For  a  reason  stated  beyond, 
surface  along  the  line  crossing  the  Si.  Lawrence  valley  may  have  been  level, 
the  slope  confined  to  the  ice  above  and  below  it ;  and  that  above  may  have 
I  only  just  enough  to  keep  the  St.  Lawrence  valley  full  to  the  required  level. 
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According  to  my  observations  in  Connecticut,  the  direction 
in  eastern  Huntington  is  S.  14**-26'  E,,  and  near  Lane's  Mne 
in  Monroe,  S.   12'-13°  E.,  places  within  12  miles  of  the  New 
Havep  region;  in   the  towns   of  Norfolk,  Preston   and  Kent, 
farther  west,  S.  18°-20°  E. ;  of  Warren,  S.  30°  E. ;  of  NewtowD, 
S.  82°  E.,  and  2  miles  farther  west,  S.  41**  E. ;  of  Sharon,  S.  SS**- 
36°  E. ;  of  Cornwall,  S.  83°-86°  E. ;  and  on  Mt  Washington  and 
its  highest  summit,  Mt.  Everett,  in  southwestern  Massachosetti 
(the  latter,   2,634   feet    high),   S,  18°-29°  E.     The   direction  in 
Goshen,  according  to  Mr.  H.  Norton  is  S.  23°  E.  and  S.  38'  E.; 
in  Norfolk,  according  to  Mather,  S.  20°-25°  E. ;  and  on  Mt  Tom, 
in  southwestern  Litchfield,  according  to  E.  Hitchcock,  S.  17'- 
22°  E.     Other  facts  of  similar  import  from  eastern  New  York, 
Massachusetts,  Vermont  and  New  Hampshire,  are  given  in  my 
former  paper.    The  following  White  Mountain  observations,  from 
the  New  Hampshire  Report  by  Professor  C.  H.  Hitchcock  (vol 
iii,  pp.  177-195),  are  of  later  publication. 

Mt  Adams,  W.  side,  height  5,600  feet 8.68'IL 

Between  Adams  and  Jefferson,  near  gap  (4, 939  ft.) 8.33'E. 

Top  of  Mt.  Washington  (6,293  ft),  smoothing  and  faint  markings 
(at  5,800-6,000  feet  transported  stones,  p.  204),  but  etriss  ob- 
scure           &  43"^ 

200  feet  above  Lake  of  the  Clouds S.30*R 

8  H'i 

Between  Mt  Pleasant  and  Mt.  Frauklin  (4.400  ft.) 8.  30'  E. 

Between  Mt  Pleasant  and  M  i.  Clinton  (4, 050  ft.) S.  30'  E. 

Near  top  of  Mt.  Clinton  (4,320  ft),  N.  side S.  47'-52'R 

Mt  (Uinton,  S.  peak S.  50°  E. 

South  end  of  Mt.  Webster S.  37' E.    | 

Top  of  Mt  Websier  (4,000  ft) S.  30' E. 

Topof  Mt  Moosilauke  (4.811  ft) S.  22' E. 

The  abrasion  observations  thus  far  made  appear  to  show 
that  the  mean  direction  of  (jiacier  flow  in  western  Connecticut 
and  Massacliusetts  was  somewhere  between  S.  12°  E.  and  S. 
38^  E.,  and  probably  between  S.  12°  E.  and  S.  25°  E. 

h.  The  evidence  from  bowlders  outside  of  the  Connecticut  valley 
is  of  the  same  import 

Percival  states  that  transportation  over  Litchfield  was 
S.S.E.,  as  indicated  by  the  distribution  of  limestone  blocb 
from  Canaan — which  means  about  S.  20°-25°  E.  A  few  of 
these  Canaan  limestone  bowlders  I  have  found  lying  now  in 
Orange,  within  four  miles  of  the  New  Haven  region,  indicating 
transportation  for  48  to  50  miles  in  the  direction  S.  16°  E 
They  are  easily  recognized  by  the  treraolite  and  canaanitc 
(massive  white  pyroxene)  they  contain.  Bowlders  of  quartzyte, 
from  the  same  region,  or  from  Berkshire,  just  north,  are  widelj 
distributed.     Bowlders  of  porphyritic  gneiss  from  the  north- 
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west  are  very  numerous  over  Orange  and  Woodbridge.*  It  is 
not  necessary  to  multiply  facts  of  this  kind  ;  for  it  is  a  matter 
of  common  observation  over  New  England  that  the  chief  part 
of  the  drift  came  from  the  northwestward. 

c.  Bowlders  within  the  area  of  the  wide  Connecticut  valley  prove 
that  the  southeastward  movement  or  ice-stream  extended  over  the 
valley.  Those  of  the  unmistakable  porphyritic  gneiss  of  the 
Kaagatuck  valley,  which  are  scattered  so  widely  over  Wood- 
bridge  and  Orange,  occur  also  in  the  New  Haven  region  ;  and 
one,  now  three  miles  east  of  the  western  limit  of  the  region  is 
)ver  20  cubic  feet  in  size.  Masses  of  ordinary  gneiss,  from  the 
ame  general  source,  are  numerous  for  two  miles  east  of  the 
vestem  border,  and  among  them  are  some  of  100  cubic  feet 
md  larger;  and  smaller  ones  down  to  a  foot  in  diameter  are  of 
>ccasional  occurrence  for  a  distance  of  at  least  twelve  miles 
lastward.  Quartzyte  bowlders,  derived,  in  all  probability, 
rem  the  Canaan  or  Berkshire  region,  are  more  numerous  than 
bose  of  gneiss,  evidently  because  of  their  greater  durability ; 
hey  are  scattered  widely,  and  I  have  found  some,  probably 
;rom  the  same  source,  15  miles  northeast  of  the  city  of  New 
Saven. 

Similar  facts  have  been  observed  through  other  parts  of  the 
Connecticut  valley.  Professor  E.  Hitchcock  states,  in  his 
Massachusetts  Eeport  (1841,  p.  881),  that  the  bowlders  of 
ayenyte  and  granite  from  the  west  side  of  the  Connecticut  in 
Massachusetts  are  ^und  in  great  numbers  on  the  east  slope  of 
the  Mt.  Tom  range,  all  the  way  from  Mt  Tom  to  Hartford. 
To  this  I  add  that  I  have  found  a  syenyte  bowlder  from  the 
same  source  10  miles  south  of  Hartford,  and  15  from  the 
western  limit  of  the  old  Connecticut  valley.  He  says  also  (p. 
605),  that  bowlders  of  quartz  containing  manganese  and  iron 
ores  in  peculiar  concretionary  forms,  derived  from  Conway 
viest  of  the  valley,  are  abundant  about  Amherst,  southeast  of 
Conway  near  the  east  border  of  the  valley,  and  Professor  B.  K. 
Emerson,  of  Amherst,  informs  me  that  they  occur  farther  east 
in  Pelham. 

Up  the  valley  to  Windsor,  Vermont,  the  same  courses  have 
been  reported  by  Professor  C.  H.  Hitchcock,  who  says,  in  his 
New  Hampshire  Eeport  (iii,  263,  1878),  that  bowlders  from 
Mt  Ascutney  (which  stands  on  the  west  border  of  the  valley 
and  has  a  height  of  3,200  feet),  are  distributed  southward  along 
the  valley  to  Bernardston,  over  60  miles,  hut  also  southeastward 
across  the  valley ;  one,  20  feet,  long,  27  miles,   was  carried 

♦The  crystals  of  feldspar  in  this  porphyritic  gneiss  are  generally  2  inches 
long  and  f  inch  wide,  making  the  rock  easy  to  identify.  It  forms  part  of  a  band 
3f  goeifl^  to  the  westward  of.  and  10  to  20  miles  fiom,  New  Haven,  ranging  in  a 
^JH.  W.  direction  from  Bridgeport  to  Prospect,  places  bearing  S.  45**  W.  and  N. 
12*  W.  from  New  Haven. 
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S.  10°  E.,  into  Surry ;  another  5  feet  long,  85  miles,  S.  8**  R 
into  Keene ;  others,  42  miles,  S.  20°  E.,  to  the  west  base  of 
Monadnoek ;  along  with  which  large  bowlders,  occur  manj 
others  of  smaller  size. 

It  is  thus  evident  that  a  glacial  movement  in  a  direction 
crossing  the  valley  south-southeastward  is  as  well  established 
as  that  in  the  direction  of  the  valley.  North  of  Windsor  evi- 
dence of  both  movements  occurs,  as  already  stated  ;  southeast- 
ward scratches  are  most  common. 

3.    Correlations  of  tiie   two  movements   as   to   time  and  dr^ 

depositions. 

a.  The  valley  movement  continued  until  the  general  glader-Jhw 
in  the  region  ceased.  For  the  scratches  in  the  direction  of  the 
valley  are  the  last  that  were  then  made.  They  are  not  only 
scratches,  but  over  the  sandstone  often  deep  ploughings;  not 
of  occasional  occurrence,  but  universal,  every  fresh  removal  of 
soil  from  the  rock  bringing  them  to  light,  and  showing  in 
Connecticut,  as  far  as  observed,  no  marks  of  any  later  trans- 
verse movement. 

6.  The  valley  movement  was  cofemporaneous  throughout  w'A 
the  general  giacier-flow.  This  follows  from  the  statement  on 
page  349  as  to  the  thickness  of  the  ice  and  the  angle  of  slope 
required  for  a  valley  movement.  It  is  indeed  a  necessary  con- 
sequence of  the  fact  that  thickening  the  ice  over  a  valley  to- 
maximum  thickness  would  increasingly  f^ilitate  the  flow  in 
its  direction,  notwithstanding  any  transverse  motion  in  the 
general  ice- m ass  ;  and  a  thinning  that  would  finally  leave  it  a 
local  glacier  would  enfeeble  its  motion  or  stop  it  altogether. 

Consequently  valley-movements,  with  exceptions  in  a  moun- 
tain region,  were  not  those  characterizing  the  banning  or  end 
of  ibe  Glacial  era,  but  the  movements  that  prevailed  through 
its  height.  The  two  went  on  together,  an  upptr  general  flow 
over  a  lower  valley  flow. 

c.  But  it  may  he  questioned  whether  the  upper  flow  kept  iti 
course  unchanged  quite  across  the  great  valley  of  the  Qmneciicut 
in  the  ^States  of  Massachusetts  and  Connecticut 

A  small  narrow  valley,  especially  if  steep  or  gorge-like, 
would  have  no  valley-flow  of  ice,  owing  to  friction ;  and  the 
glacier  would  readily  pass  it,  impeded  only,  if  at  all,  by  the 
resistance  from  shearing.  But  where  the  valley  was  larger, 
and  had  its  valley  flow,  the  case  is  diflTerent;  yet  facts  that 
have  been  collected  prove  that  this  resistance  was  overcome  in 
multitudes  of  cases  over  the  countrv.  And  it  was  so  in  the 
case  of  the  Connecticut  valley  in  Vermont  and  Massachusetta, 
the  facts  above  cited  as  to  transported  bowlders  about  the 
region  of  Amherst  and  Massachusetts  being  evidence.    Abon^ 
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AscQtney  there  appears  to  have  been  some  soathward  deflection 
il  the  upper  or  southeastward  stream  by  the  valley  flow,  for  the 
lirection  of  transport  across  is  in  part  only  8®  east  of  south ; 
ret  the  differences  of  direction  observed  (p.  851)  may  have  been 
lue  to  the  height  on  Ascutney  from  which  the  bowlders  were 
taken,  whether  within  the  range  of  the  lower  current,  or  near 
die  limit  of  the  two,  or  far  above  it.  About  Amherst  the  evi- 
lence  from  bowlders  proves  clearly  that  the  upper  ice-stream 
sontinued  quite  across  the  valley.  In  central  and  southern 
Connecticut,  the  valley  has  a  breadth  of  25  miles ;  and  positive 

Eroof  that  the  upper  current  continued  across  has  not  yet  been 
)und.  The  distribution  of  bowlders  indicate  a  flow  half  way 
across,  and  probably  farther ;  but  whether  the  upper  ice  did 
not  finally  in  the  eastern  half  lose  its  own  motion  and  take  that 
of  the  lower  for  the  remainder  of  the  breadth  of  the  lower 
itream  is  yet  to  be  ascertained.  Such  an  event  could  not  have 
happened  unless  the  valley-flow  succeeded,  by  its  rate  of  dis- 
charge, in  taking  the  southeastward  slope  of  the  overlying  ice 
out  of  it,  so  that  the  only  surface  slope  along  this  portion  was 
b  the  direction  of  the  valley ;  and  were  this  done,  the  valley 
movement  would  have  necessarily  become  the  only  one.  Even 
if  this  were  a  fact,  the  slope  of  the  ice-surface  east  of  the  eastern 
border  of  the  Connecticut  trough  would  have  been  southeast- 
irard,  and  so  also  the  course  of  movement 

dL  Or&it  deflections  i/i  the  courses  of  the  transported  bowlders 
within  the  vaUey  took  place  on  account  of  their  sinking  from  the 
Mpper  or  general  current  into  the  lower  or  valley  stream.  In  this 
way,  as  happens  in  the  ocean,  the  lower  current  became  the 
transporter  and  distributer  of  material  derived  from  the  upper. 
It  was  supplied  with  stones  from  the  northwestward  and  carried 
Ihem  southweatward. 

This  fact  is  abundantly  and  strikingly  illustrated  in  the  dis- 
tribution of  the  bowlders  of  gneiss.  In  the  New  Haven  region 
tbey  are  far  the  most  numerous,  and  of  largest  size,  along  the 
eastern  slope  of  the  West  Bock  ridge.  The  map  shows  that 
this  ridge  curves  eastward  at  its  southern  extremity,  making 
thereby  a  large  deep  corral  of  sickle  like  outline  facing  almost 
lirectly  the  valley  ice-movement,  whose  direction  there  was 
i  16^-26®  W.  These  bowlders  of  gneiss  are  most  abundant 
>ver  this  portion  of  the  declivity,  south  of  Wintergreen  Lake. 
1  few  hundred  yards  south  of  the  lake,  one  of  the  bowlders, 
low  in  three  pieces,  has  a  length  of  12  feet 

These  bowlders,  derived  from  the  high  land  of  northwestern 
/onnecticut,  must,  beyond  question,  have  passed  the  summit 
f  the  West  Bock  ridge — where  between  400  and  650  feet  in 
eight — while  in  the  upper  stream  of  the  glacier;  for  in  no 
ther  way  could  they  have  got  to  the  east  side  of  the  ridge ; 
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and  it  is  also  beyond  question  that  they  Bnally  got  into  the 
valley  current,  and  were  drifted  back  into  the  well-arranged 
oorraL  Some  are  now  on  the  summit  of  the  ndge;  one  of 
several  cubic  feet  is  near  the  "Judges'  Cave;"  but  the  laiiger 

f)art  are  a  third  way  down  the  easiem  slope  and  below  this 
evel.     The  gneiss  bowlders  are  mingled  with  those  of  trap  and 
sandstone ;  and  nothing  shows  difference  in  tinie  of  deposition. 

This  kind  of  evidence  is  repeated  again  along  the  Mt  Tom 
ridge.  Professor  £.  Hitchcoc)c  states  in  his  Massachosetta 
Geological  Beport  (p.  881)  that  bowlders  of  syenyte  and  granite, 
taken  from  the  syenyte  band  west  of  the  Connecticut  m  that 
State,  are  found  in  great  numbers  on  the  ea^t  slope  of  the  Mt 
Tom  range  aU  the  way  from  ML  Tom  to  Hartford  Eight  miles 
farther  south,  in  the  village  of  New  Britain  (as  made  known  by 
Mr.  James  Shepard  of  that  place),  a  bowlder  of  zoisite  and 
radiated  hornblende  (chiefly  the  former),  measuring  aboat 
2x2x8  feet,  was  turned  out  in  grading,  which  must  have  come 
from  a  locality  west  of  the  Connecticut  valley,  in  Goshen,  Wil- 
liamsburg or  Conway,  Mass.,  Professor  Emerson  informing  me 
that  this  region  affords  just  such  a  zoisite  rock,  and  especially 
*'  the  first  row  of  high  hills  as  you  go  up  from  the  Conneoticat 
valley."  (Letter  of  June  16, 1888.)  Still  farther  south  (20  miles 
S.  of  Hartford)  and  just  east  of  a  more  eastern  trap  ridge  (6  miles 
farther  east),  extending  from  south  of  Hartfora  to  Saltonstall 
Lake,  I  found,  near  the  Air-Line  Railroad,  a  syenyte  bowlder 
10  cubic  feet  in  contents,  which  came  from  the  syenyte  band  of 
Hatfield  and  Whately,  Mass.  (Emerson),  west  of  the  valley;* 
and  near  it  lies  another  twice  larger,  of  similar  general  aspect, 
but  not  so  certainly  identifiable. 

Such  facts  prove  that  the  phenomenon,  although  so  remarka- 
ble, was  general  along  the  valley.  They  are  instructive  also 
with  reference  to  the  distance  eastward  to  which  the  upper  ice- 
stream  extended  over  the  southern  part  of  the  Connecticut 
valley  region,  though  leaving  the  limit  doubtful.  They  are 
good  evidence  that  the  two  currents  were  moving  at  the  same 
time. 

4.   The  direction  over  Long  Island  Sound. 

For  twenty  miles  to  the  eastward  and  westward  of  New 
Haven  bay  the  Sound  has  a  mean  width  of  16  miles.  Yet  the 
greatest  depth  opposite  New  Haven  bay  is  at  present  only  140 
feet  Adding  the  height  of  the  adjoining  hills  on  its  sides,  the 
southern  side  of  the  trough  has  a  height  of  300  to  400  feet  and 
the  northern,  of  more  than  twice  this  amount. 

♦  I  submitted  a  fragment  of  the  bowlder  to  Professor  Emersoa,  of  Ambertt, 
and  ho  writes  that  it  is  from  the  "  syenite"  band  of  Hatfield  and  Whately  (Hiieh- 
cock's  geological  map),  it  agreeing  precisely  with  it,  containing  much  tridinic 
feldspar  and  smedl  square  crystals  of  orthite." 
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Since  the  ConDecticut  valley  trough  is  not  coutinued  over 
ihe  bottom  of  Long  Island  Sound,  or  through  Long  Island,  the 
valley  ice,  as  it  moved  out  over  the  area  of  the  Sound,  left 
behind  it  those  confining  limits  which  had  determined  its 
southward  course ;  and  it  is  a  question  of  interest  whether  it 
found  new  confining  limits,  or  not,  in  the  sides  of  the  Sound 
trough. 

The  trend  of  the  Sound  is  N.  75°  E.  Now  this  trend  is 
transverse  to  the  course  of  the  upper  or  southeastward  ice- 
stream  of  the  glacier,  the  direction  of  this  current  having  been, 
as- above  shown,  S.  16*'-26^  K 

The  mean  direction  was  between  these  limits  quite  to  the 
borders  of  the  Sound ;  for  on  the  Sound,  8  miles  east  of  New 
Haven,  near  Stoney  Creek,  glacial  scratches,  covering  lai^e 
surfaces  of  gneiss  ana  granite,  have  the  direction  S.  20°  to  24°  K ; 
others,  10  to  12  miles  west  of  New  Haven,  in  Stratford  (near 
the  N.  Y.  &  N.  H.  railroad),  S.  21°  to  82°  K ;  and  18  miles 
west,  near  Bridgeport,  S.  18°  to  17°  K. 

Further,  the  bowlders  of  Long  Island  show  that  this  was 
approximately  the  direction  of  flow  over  the  Sound.  Trap  and 
sandstone  bowlders  were  carried  in  great  quantities  from  Con- 
necticut to  the  island,  and  the  most  abundant  deposits  are  situ- 
ated OD  the  parts  lying  S.  10°-20°  E.  from  the  New  Haven 
region  where  alone  the  Triassio  borders  the  Sound.  On  the 
north  shore  of  the  island,  between  Baiting  Hollow  and  North- 
ville,  a  region  bearing  S.  10°  E.  from  New  Haven,  the  bowlders 
of  trap  are  very  numerous ;  and  the  sandstone  fragments  at  one 
place  on  the  shore  hills  are  in  so  great  quantities  that  they 
seemed  at  first  to  indicate  the  existence  near  by  of  an  outcrop 
of  the  Triassic 

Mather  mentions  the  same  fact  in  his  New  York  Geological 
Beport,  remarking,  on  page  170,  that  from  Boanoke  Point  for 
three  or  four  miles  east  (points  between  Baiting  Hollow  and 
Northville)  **  a  large  proportion  of  the  bowlders  and  pebbles  are 
of  red  sandstone  and  trap  rocks,  like  those  of  New  Haven  and 
that  vicinity.  In  some  places  these  rocks  form  one-third  of  the 
mass  of  bowlders,  blocks  and  pebbles.''  He  also  states  (p.  171) 
that  a  mile  west  of  Wading  Biver  (4  miles  west  of  Baiting 
Hollow)  ^'a  block  of  fine-grained  limestone  containing  serpen- 
tine was  found;  it  was  precisely  similar  to  the  New  Haven 
verd  antique  marble.''  It  was  probably  from  the  Milford  verd 
antique  quarry,  six  miles  southwest  of  the  New  Have  A  quarry, 
where  the  rock  is  more  largely  limestone  than  at  the  latter ; 
in  which  case  the  mean  direction  of  travel  was  S.  25°  E. ;  if 
from  the  New  Haven  quarry,  it  was  S.  13°  E. 

On  one  of  the  hills  in  the  interior  of  the  island,  southwest  of 
Biverhead,  near  Osbom  or  Bald  Hill,  bearing  S.  16°  E.  from 
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New  Haven,  lie  several  large  bowlders  of  trap,  and  one  of  red 
sandstone,  along  with  others  of  gneisa  One  of  the  trap 
bowlders  contains  over  200  cubic  feet.  Farther  east,  trap  and 
sandstone  bowlders  are  in  rapidly  decreasing  numbers;  and 
the  same  is  true  of  the  region  to  the  westward.* 

If  then,  as  we  have  shown,  the  flow  of  the  mass  of  the  great 
glacier  was  at  right  angles  to  the  Sound  valley,  it  would  nave 
tended  to  move  the  ice  of  the  Sound  against  and  over  Long 
Island,  and  not  at  all  in  the  direction  of  the  Sound,  N.  75**  E 
To  have  had  an  eastward  movement  in  the  direction  of  the 
Sound  the  surface  of  the  Sound-ice  should  have  had  a  rising 
slope  westward,  and  this  is  opposed  by  the  facts  already  stated.f 
It  is  certain,  therefore,  that  the  view  that  the  Sound  valley 
was  excavated  by  the  glacier  is  not  tenable.  Further,  the 
lower  ice-stream,  or  that  of  the  Connecticut  valley,  struck  the 
ice  of  the  Sound  in  the  direction  S.  18V25**  W.,  which  wonld 
have  helped  a  westward  flow  rather  than  an  eastward. 

All  the  facts  thus  point  to  the  conclusion  that  the  great 
glacier  passed,  with  essentialy  unchanged  course  as  far  as  the 
upper  ice  is  concerned,  from  Connecticut  across  the  Sound  and 
the  island  beyond.  At  the  same  time,  the  existence,  though 
sparingly,  of  small  masses  of  trap  on  Long  Island  for  a  few 
miles  west  of  the  meridian  of  New  Haven,  appears  to  show  that 
this  valley -stream  moved  south -south  westward  not  only  over 
the  towns  next  west  of  the  New  Haven  region  but  at  times  also 
nearly  across  the  Sound  before  losing  wholly  its  own  direction. 

5.   Effects  prohahJy  consequent  on  the  change  of  course  in  the  lower, 
or  valley^  ice-current  manifested  in  the  drift  depositions. 

The  following  are  the  principal  facts  as  to  the  deposition  of 
the  till: 

(1)  The  till  of  the  New  Haven  region  is  most  abundant 
along  the  eastern  declivity  of  the  western  border,  east  of  the 

*  Trap  bowltlers  occur  sparinply  on  the  eastern  part  of  Long  Island,  and  a  few 
reached  even  Hlock  Ishmd.  Siindstone  Iraijmeiits  have  the  same  rang«  but  are 
far  fewer,  because  loss  durable.  Block  Island  is  nearly  east  of  New  Haven,  but 
S.  20*'  E.  from  the  Triassic  of  central  Massachusetts.  To  the  westward,  some 
bowlders  of  trap  are  found  about  Port  Jefferson,  and  rarely  sandstone  fragments. 
One  chloritic  1  bowlder,  probably  from  two  to  ten  miles  west  of  New  Haven,  lying 
on  the  shore,  measured  25  x  20  x  15  feet.  Port  Jefferson  is  south  of  southeastern 
Milford  (i'onnecticut).  and  as  Milford  and  other  towns  north  of  it.  on  the  western 
border  of  the  Triassic  region,  received  numerous  bowlders  of  the  kind  by  the 
lower  placior  current,  the  transportation  to  points  so  far  west  on  Long  Island  is  not 
suri)risiuir.  ( \Vtsftni  Louj?  Island  received  its  trap  and  sandstone  bowlders,  as 
was  louiT  ^ince  announced,  from  New  Jersey  and  southern  New  York.) 

f  Tlie  movement  of  the  ^reat  glacier,  over  southern  Connecticut,  in  a  direction 
at  right  ongh's  to  the  Sound-ice  implies  that  there  was  an  equable  slope  in  the 
surface  of  the  placier  toward  the  Sound,  aiid  hence  that  the  ice-surface  over  the 
Sound  was  nearly  uniform  from  west  to  east,  although  the  eastern  end  is  half  a 
degree  farther  north  than  the  western. 
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Maltby  Park  valley  (the  central  north-and-south  depression  of 
ifcis  border),  where  the  depth  is  generally  from  10  to  20  feet. 

(2)  The  Maltby  Park  valley  has,  in  general,  little  till  over 
it,  the  surface  being  largely  one  of  bare  ledges  and  intervening 
marshy  areas. 

(8)  But  at  one  place  in  the  eastern  half  of  this  valley  (iZc?, 
on  the  map,  p.  342)  the  till  has  a  depth  of  more  than  107  feet; 
and  this  piling  up  of  till  made  there  the  isolated  Round  Hill  (as  it 
is  called),  and  gave  it  a  height  of  304  feet  above  mean  tide, 
while  the  hills  of  the  western  border  just  east  and  southeast 
Are  only  140  to  200  feet  high.  Moreover  these  hills,  and  the 
surface  along  the  road  south  of  Bound  Hill,  have  not  enough 
till  to  conceal  the  jagged  rocks. 

(4)  The  broadly  rounded  hills  of  southern  Orange  within 
three  miles  of  the  Sound,  200  to  280  feet  in  height,  are  deeply 
covered  with  till — the  depth  in  some  parts  40  feet  or  more.* 
Farther  from  the  Sound,  the  till  is  usually  of  less  depth,  and 
rock-exposures  are  not  uncommon. 

The  unusual  amount  of  till  and  bowlders  against  the  eastern 
•declivity  of  the  western  border  has  already  received  explana- 
tion (p.  348). 

The  existence  of  bare  ledges  and  little  till  over  the  Maltby 
Park  valley  is  evidently  a  consequence  of  denudation ;  the 
region  was  swept  by  deep  waters  from  the  melting  glacier — 
part  going  southward,  directly  to  the  Sound,  with  a  pitch  of  30 
feet  a  mile  for  the  four  miles,  and  the  rest  northward  into  the 
valley  of  West  River  north  of  Westville. 

The  third  feature  mentioned  is  of  less  obvious  explanation. 
Round  Hill  stands  prominently  in  view  from  all  airections. 
This  isolated  feature,  its  form,  and  the  height  of  the  surround- 
ing region  are  shown  on  the  following  map.  The  great  depth 
of  the  till  at  the  summit  had  seemed  probable  from  the  fact 
that,  unlike  the  other  hills,  it  has  no  outcropping  rocks  over  the 
upper  third  of  its  height ;  but  it  was  proved  by  an  excavation 
for  a  well  made  under  the  orders  of  Mr.  R.  M.  Burwell,  the 
owner  of  the  place.  The  well  was  carried  down  107  feet 
through  the  firmest  of  stoney  and  somewhat  clayey  till  before 
water  was  obtained,  and  even  at  that  point  rock  had  not  been 
reached.  The  highest  outcrop  of  rock  on  the  sides  of  Round 
Hill  is  at  174  feet  above  mean  tide. 

Another  remarkable  feature  of  the  region  is  a  deep  trench  on 
the  southeast  and  east  sides  of  the  hill,  only  118  to  130  feet 
above  sea-level,  something  like  the  trench  around  a  fortified 
acropolis. 

♦  On  Shingle  Hill,  a  little  to  the  southwest  of  the  region  included  in  the  map, 
an  excayation  for  a  well  passed  through  40  feet  of  till ;  on  other  hills,  several 
wells  go  down  20  to  36  feet. 
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Map  or  Round  Hill  and  vicini^, 


of  till  is  at  least  21  feet,  as  found  in  a  well-diggiag.  It  is  alto 
lengthened  in  the  directioo  S.  10°  W. ;  and  odIj  here  is  [be 
slope  an  even  one — a  fact  represented  in  the  map  above,*  The 
hill  thus  covers  and  fills  the  eastern  half  of  this  part  of  the 
Maltby  Park  valley.  At  its  western  foot  flows  Gave  Kiver, 
the  stream  of  the  valley.  Acroaa  this  stream,  another  rise 
immediately  begins,  that  of  one  of  the  deeply  till-covered  hills 
of  southern  Orange;  so  that  the  Maltby  Park  valley  is  here  filled 

*  It  baa  the  couetitution,  as  the  deacription  shows,  of  tbe  "leDticuUr  hilk"af 
Proleseor  Kdward  Hitchcocli.  Bui  the  quality  Unticuiar  is  not  atk  esaentiai  fulcn 
of  sui^  tiU-mode  hills,  though  common,  as  it  is,  and  for  a  liko  reaMO,  ol  muj  li 
the  rocky  ledgeB  of  the  same  regioo. 
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also  oyer  its  western  half,  and  consequently  its  breadth  in  this 
part  is  reduced  to  about  40  yards — although  three-fourths  of  a 
mile  wide  just  north.  It  is  evident  from  the  features  of  the 
region,  moreover,  that  the  depositions  of  till  to  the  westward 
are  essentially  a  continuation  of  those  of  Bound  Hill ;  that  the 
▼alley  was  here  to  a  considerable  extent  obstructed  by  the 
depoaitioDS ;  and  that  part  of  the  flood  waters  from  the  meltine 
|(lMner|  besides  making  a  lake  above,  flowed  westward  and 
joined  the  river-course  next  west,  that  of  Indian  Biver,  the 
eztonsiTe  flat  meadows  of  Cove  Biver  north  of  the  obstruction 
bring  elongated  in  that  direction. 

With  rererence  to  the  origin  of  Bound  Hill,  we  note  that  the 
dbeotion  in  which  it  is  elongated  is  most  nearly  that  of  the 
buMT,  or  Tallejri  ice-current ;  and  if  we  regard  the  more  south- 
western depositions  as  its  continuation,  the  direction  becomes 
S»  10^-15^  west|  which  is  yet  nearer  the  course  of  that  current^ 
tfiongh  still  differing  by  15  to  20  degrees.  The  actual  direction 
ct  the  ice-moyement  around  it  is  registered  at  roanv  places  in 
gjeeiel  soralohes.  The  courses  are  indicated  on  the  map  by 
anowai  They  average  S.  88^  W.  to  the  south  and  southeast  of 
the  lull,  while  to  the  north,  the  directions  S.  46''-^6°  W.  occur. 
^  It  is  plaiD,  from  these  facts,  that  the  making  of  the  solitary 
hill  osnnot  be  accounted  for  on  the  supposition  of  an  eddy  in  the 
flow  of  the  ica  The  uniformity  in  the  course  of  the  scratches 
abcMTS  that  there  was  no  eddying. 

The  position  upon  the  western  border,  where  there  were 
laige  dnft  depositions,  and  must  have  been,  as  already  suggested 
(a  M8),  the  frequent  opening  of  crevasses,  mav  have  had  some- 
unog  to  do  with  its  formation.  But  no  line  of  crevasses  would 
hawe  made  so  local  a  deposit. 

Another  point  with  regard  to  its  position  is  its  neamesss  to 
the  Soand — the  distance  about  three  miles;  and  in  this  fact 
and  the  preceding,  in  connection  with  the  character  of  the  ice- 
movement,  we  have  apparently  the  only  data  for  an  explana- 
tion. Over  the  Sound  and  its  borders,  the  lower  or  valley  ice- 
stream  became  warped  around  into  the  course  of  the  general 
glacier-mass.  This  forced  bending  must  have  produced  its 
greatest  crevassing  efiects  over  the  southwestern  part  of  the 
valley  region,  within  the  plane  of  contact  between  the  upper 
glacier  stream  and  the  lower — a  plane  that  rose  from  the  surface 
of  the  Sound  at  a  small  angle ;  and  these  eflects  would  have 
been  at  a  maximum  in  the  part  of  the  glacier  where  this  plane 
intersected  the  north-and-south  crevasseu  course  of  the  western 
border.  The  existence  is  therefore  probable  of  a  knot  of 
profound  crevasses  on  this  border  region,  at  some  point  of 
greatest  pressure,  not  far  from  the  Sound ;  and,  if  a  fact,  a 
stream  of  water,  or  river,  from  the  upper  surface  of  the  glacier 
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may  have  here  plunged  down — ^like  some  rivers  in  glacial 
Greenland — causing  a  local  deposition  of  the  stones  and  earth 
that  were  in  the  ice,  and  thus  have  located  and  formed  the  till* 
made  hill. 

If  the  change  of  course  were  due  only  to  the  slope  of  the 
upper  surface  of  the  ice  at  the  place  it  might  have  gone  forward 
quietly.  But  if  partly  due  to  pressure  from  the  northward 
along  the  valley  there  would  have  been  the  resistance  and 
wrenching  supposed. 

The  plunging  waters  would  account  also  for  the  size  and 
position  of  the  half-encircling  valley,  cut  in  the  schists  about 
Kound  Hill ;  for  this  valley's  being  mostly  free  from  drift ;  and 
for  the  trench  which  is  its  continuation  eastward  to  the  New 
Haven  plain ;  for  this  was  the  way  of  discharge  of  the  descend- 
ing waters. 

But  the  stream  of  water  descending  a  crevasse  could  deposit 
only  the  drift  encountered  in  its  course  on  and  through  the  ice; 
and  wherefore  then  so  high  a  pile  in  Bound  Hill?  And  why 
were  19-20ths  of  the  drift  in  the  hill  the  contributions  of  the 
valley  or  lower  glacier  current? 

The  height  is  evidence  of  long-continued  deposition. 

The  valley  source  of  the  material  proves  that  the  drift  of  the 
glacier  was  mostly  confined  to  the  lower  ice. 

The  mixture  along  with  the  trap  and  sandstone  of  some 
porphyritic  gneiss,  quartzyte,  etc.,  from  the  northwestward,  and 
the  increasea  amount  of  the  same  in  the  western  part  of  the 
hill,  shows  that  the  upper  ice-stream  was  supplying  material  at 
the  same  time  with  the  lower,  though  in  much  smaller  amount 

The  height  of  the  hill,  in  connection  with  the  nature  of  the 
material,  indicates,  further,  that  the  lower,  or  valley,  ice-stream 
had  a  depth  in  that  region  of  at  least  300  feet 

Round  Hill  is  an  example  of  a  "kame."  It  is  probable 
that  the  Andover  kames  were  located  by  crevasses  in  the  glacier 
that  overlaid  the  region  when  the  material  was  deposited. 

Other  facts  bearing  possibly  on  the  origin  of  Round  Hill 
will  be  presented  in  the  following  part  of  this  paper — On  the 
Terrace  (or  Champlain)  formation  of  the  New  Haven  region, 
its  deserted  valleys  and  its  ^*  kettle-holes." 

Coyiclusions  deduced  in  the  preceding  pages, 

1.  Two  movements  existed  in  the  glacier-ice — a  lower  along 
the  valley,  an  upper  crossing  it  obliquely. 

2.  The  two  movements  were  simultaneous. 

3.  The  upper  ice  kept  its  motion  over  the  south  ward -flowing 
valley-ice  quite  across  the  Connecticut  valley  in  Massachusetts, 
and  across  ten  miles  at  least  of  its  breadth  in  the  southern  half 
of  Connecticut 
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4.  The  lower  or  valley  ice-stream  was  most  rapid  when  the 
general  glacier  was  of  maximum  thickness. 

5.  The  glacial  flow  probably  ceased  when  the  melting  was 
half  completed,  except  in  the  mountain  regions  and  some  special 
localities  elsewhere  of  limited  extent ;  in  which  case,  the  disap- 
pearance of  the  general  glacier  did  not  end  in  leaving  one  or 
more  long  local  glaciers  in  the  lower  half  of  the  Connecticut 
valley. 

6.  Both  the  upper  and  lower  ice-streams  transported  drift- 
material.  The  material  from  the  upper  that  sunk  into  the 
lower  stream  was  carried  by  it  south-south  westward  and  depos- 
ited with  the  drift  of  the  latter,  and  often  against  the  eastward 
slopes  of  obstructing  ridges. 

7.  The  lower  ice-stream  lost  its  own  direction  of  flow  on 
reaching  Long  Island  Sound,  and  took  that  of  the  general 
glacier  tnass  across  the  Sound  and  Long  Island. 

8.  The  obstruction  to  flow  in  the  western  border  of  the  New 
Haven  region  was  the  cause  of  crevasses  and  much  drift  depo- 
sition ;  and  between  this  action  and  the  warping  around  of  the 
valley  ice  near  and  over  the  ScJund,  causii^  intersecting  cre- 
vasses, the  high  local  till-deposit  of  Round  Hill  was  produced. 


Art.  XL. — On  a  variety  of  DescloizUe  from  Mexico;  by 

Samuel  L.  Penfield. 

During  the  spring  of  1883  Professor  Wolcott  Gibbs  of  Cam- 
bridge sent  some  specimens  of  a  vanadium  mineral  to  Professor 
George  J.  Brush  for  identification.  The  specimens  seemed  to 
be  fragments  of  a  coating  from  one-eighth  to  three-eighths  of  an 
inch  in  thickness,  composed  of  groups  of  prismatic  crystals 
arranged  somewhat  like  the  common  crystallizations  of  prehnite 
or  calamine.  On  the  top  surface  of  one  specimen  minute  crystal 
faces  were  visible,  very  irregularly  grouped  together  arid  curve- d» 
but  in  the  other  cases  it  simply  appeared  rough  and  somewhat 
weathered.  The  structure  on  the  cross  fracture  was  columnar- 
fibrous,  sometimes  radiated  ;  it  showed  at  all  times  a  fresh  and 
homogeneous  interior  of  a  dark  brown  color  and  resinous  luster 
very  much  resembling  some  varieties  of  sphalerite.  Cleavage 
distinct,  parallel  to  the  columnar  structure.  Hardness  8*5; 
specific  gravity  6-200-6 '205. 

Before  the  blowpipe  it  gave  reactions  for  vanadium,  arsenic, 
lead,  copper  and  zinc.  Heated  in  the  closed  tube  it  fused  very 
readily,  boiled  up  violently,  and  gave  oflF  water  which  reacted 
neutral  to  test  paper. 

The  specimens  were  said  to  be  from  near  Zacatecas,  Mexico, 
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and  were  sent  to  Dr.  Gibbs  bjr  Herbert  G.  Torrejr,  Esq.,  of  the 
U.  S.  Assay  oflBxie  in  New  York.  In  all  physical  properties 
the  mineral  seemed  identical  with  triiocJiorite  recently  described 
by  A.  Frenzel*  from  an  unknown  locality  in  either  Mexico  or 
South  America.  Whether  identical  with  Frenzel's  mineral  or 
not  it  was  regarded  as  worthy  of  further  investigation  and  Pro- 
fessor Gibbs  kindly  provided  me  with  the  material  for  analysis. 
Various  methods  of  analysis  were  tried  but  the  following  was 
found  to  be  the  most  satisfactory.  The  mineral  was  readily 
soluble  in  warm  dilute  nitric  acid ;  to  this  solution  enough  sul- 
phuric acid  was  added  to  combine  with  the  bases  and  the  whole 
was  evaporated  till  nitric  acid  was  completely  expelled ;  after 
cooling,  cold  water  was  added  and  after  standing  for  some  time 
the  lead  sulphate  was  filtered  off  and  weighed  with  the  usual 
precautions.  The  lead  sulphate  was  soluble  in  ammonium  ace- 
tate, except  a  slight  residue  of  silica  and  a  trace  of  vanadium, 
both  of  wnich  were  taken  into  account  No  trace  of  vanadium 
went  into  solution  in  the  ammonium  acetate,  so  that  the  separa- 
tion was  almost  complete.  To  the  filtrate  from  the  lead  sul- 
phate hydrochloric  acid  and  sulphurous  acid  water  were  added 
and  allowed  to  stand.  The  sulphurous  acid  was  subsequently 
expelled  by  boiling  and  copper  and  arsenic  precipitated  by 
means  of  hydrogen  sulphide,  filtered  off  and  washed.  After 
drying  the  sulphides  of  copper  and  arsenic  they  were  transferred 
to  a  dry  beaker  and  dissolved  in  nitric  acid.  The  filter  paper 
was  treated  in  another  glass  with  nitric  acid  and  potassium 
chlorate  to  destroy  organic  matter.  The  solutions  were  then 
evaporated  to  dryness  on  a  water  bath,  the  residue  dissolved  in 
water  and  the  arsenic  acid  precipitated  by  means  of  magnesia 
mixture  as  ammonium  magnesium  arsenate.  This  was  col- 
lected on  an  asbestos  filter  and  weighed  first  after  drying  at 
11(»°  C,  and  then  again  after  ignition,  as  pyrophosphate.  The 
copper  was  precipitated  from  the  filtrate  from  the  ammonium 
magnesium  arsenate  by  means  of  hydrogen  sulphide  and  weighed, 
after  ignition  in  hydrogen,  as  subsulphida  The  filtrate  from 
the  first  arsenic  and  copper  precipitate  was  evaporated  to 
dryness  on  the  water  bath  and  finally  ignited  to  expel  as  much 
of  the  sulphuric  acid  as  possible.  The  residue  was  moistened 
with  strong  nitric  acid  to  oxidize  the  vanadium  and  evaporated 
to  dryness  on  the  water  bath.  The  residue  treated  with  water 
and  ammonia  gave  a  solution  in  which  there  was  a  flocculent 
yellow  precipitate  of  zinc  vanadate  ;  by  adding  acetic  acid  to 
acid  reaction  this  precipitate  dissolved,  leaving  only  a  slight 
precipitate  of  vanadate  and  phosphate  of  iron  ;  this  latter  was 
filtered  off,  washed,  ignited,  moistened  with  nitric  acid  and 
again  ignited  and  weighed.     It  was  then  fused  with  sodium 

*  Tschermak's  Min.  und  Petr.  Mittheilungeu,  iii,  606 ;  iv,  97. 
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carbonate,  tlie  fusion  Hoaked  out  in  water  and  the  oxide  of  iron 
thus  separated  and  weighed.  The  soluble  part  of  the  fusion 
contained  both  vanadic  and  phosphoric  acids.  To  the  dilute 
acetic  acid  solution  containing  the  vanadium  and  zinc,  lead  acetate 
was  added  which  precipitated  all  the  vanadium  as  a  basic  lead 
vanadate.  This  precipitate  was  washed  with  hot  water  and 
dried ;  it  was  then  transferred  to  a  beaker,  the  paper  burned 
and  the  ash  added ;  the  whole  was  then  dissolved  in  nitric 
acid,  sulphuric  acid  added  to  precipitate  the  lead  and  evapo- 
rated till  nitric  acid  was  expelled.  The  vanadic  acid  was  then 
dissolved  in  water,  filtered  from  the  insoluble  lead  sulphate, 
evaporated  in  a  weighed  platinum  dish  and  after  expelling  the 
sulphuric  acid  and  strong  ignition,  weighed  as  pentoxide.  As 
regards  the  purity  of  the  vanadium  pentoxide  obtained  by  the 
above  method  the  following  can  be  said.  It  was  completely 
soluble  in  aqueous  ammonia  and  the  solution  when  transferred 
to  a  weighed  platinum  crucible  and  evaporated  and  ignited 
gave  results  agreeing  with  the  weight  obtained  by  weighing  in 
an  open  platinum  dish.  The  pentoxide  was  reduced  to  the  tri- 
oxide  by  igniting  in  a  current  of  hydrogen  gas  and  gave  in  two 
eases  a  loss  of  oxygen  equal  to  16'86  and  16-98  per  cent  of  the 
pentoxide  employed.  Vanadium  pentoxide  with  molecular 
weight  1924  snould  give  by  reduction  to  the  trioxide  a  loss  of 
oxygen  equivalent  to  17*54  per  cent. 

The  zinc  which  remained  in  the  filtrate  from  the  basic  lead 

vanadate  was  precipitated,  along  with  the  excess  of  lead  used 

as   a  precipitant,  from  the  acetic  acid  solution  by  means  of 

hydrogen  sulphide.     The  sulphides  after  settling  were  collected 

-on  a  filter,  washed  and  dried;    they  were  then  transferred  to  a 

-dry  beaker,  the  filter  paper  burned  and  the  ash  added;  to  this 

«trong  nitric  acid  was  added   with  enough  sulphuric  acid  to 

combine  with  the  bases,  and  the  whole  evaporated  till  sulphuric 

^cid  fumes  began  to  be  given  off.     After  cooling  and  addition 

o{  water  the  soluble  zinc  sulphate  was  separated  from  the  lead 

sulphate  by  filtration.     The  zinc  was  then  precipitated  as  basic 

zinc  carbonate  by  means  of  sodium  carbonate  with  the  usual 

precautions,  washed  and  weighed  as  oxide.     The  zinc  oxide 

-was  in  all  cases  tested  and  found  to  be  free  from  vanadium. 

Phosphoric  acid  was  determined  in  a  separate  portion  by 
means  of  ammonium  molybdate.  The  first  precipitate  seemed 
to  be  impure;  it  was  therefore  dissolved  and  reprecipitated  with 
ammonium  molybdate  before  its  solution  in  ammonia  and  pre- 
cipiiation  with  magnesia  mixture. 

Water  was  obtained  by  igniting  a  weighed  portion  of  the 
mineral  to  low  redness  and  calculated  from  the  loss  of  weight 
To  guard  against  anjr  inaccuracy  another  determination,  analy- 
sis III  was  made  by  igniting  in  a  Bohemian  glass  tube  and  col- 
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lecting  and  weighing  the  water  in  a  chloride  of  calciora  tube. 
The  air-dry  mineral  did  not  lose  weight  by  heating  to  100®  C, 
and  lost  only  0*12  per  cent  bv  heating  for  two  hoars  at  aboat 
360°  C. 

The  results  of  the  analyses  are  as  follows : 
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I. 
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II. 
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12-34 
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III. 
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CuO 
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FeO 
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-IM 
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1214 
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•001 
•247 
•085 
•151 
•001 
•150 

1 
•484 

SlOa 

-12 

99-74 

The  ratio  of  the  pentoxide  to  the  protoxide  to  water  = 
•121 :  -484  :  150  =  1 :  400 :  1*24  =  4  :  16 :  5.  If  we  assume  the 
ratio  to  be  1 :  4  : 1  we  obtain  the  formula  R,(VOJ^  R(OB[),  or 
R,(OH)VO^  which  is  now  regarded  as  the  true  formula  for  des- 
doizite.  It  does  not  seem  probable  that  the  ratio  4 :  16 : 5  giv- 
ing a  complicated  formula,  is  correct.  The  excess  of  water  is, 
however,  not  due  to  the  presence  of  hygroscopic  water,  and 
especial  care  was  taken,  as  explained  above  in  the  description 
of  the  method,  to  obtain  an  accurate  and  sharp  determination. 

Unfortunately  our  knowledge  of  descloizite  is  somewhat 
uncertain,    but  it   probably  has  the  formula  R,(0H)V04  or 

-,    ,0 — V=0,  and  with  our  present  knowledge  I  prefer  to 

R<o/ 

refer  the  vanadate,  which  has  been  analyzed,  to  this  species,  it 
differing  only  in  having  a  part  of  the  vanadic  acid  replaced  by 
arsenic  acid. 

As  to  the  purity  of  the  material  which  was  analyzed,  I  will 
state  that  the  specimens  were  apparently  homogeneous,  and  two 
thin  sections  which  were  prepared  revealed  no  imparity  when 
examined  with  the  microscope. 

In  regard  to  the  relation  between  this  mineral  and  Frenzel's 
tritochorite,  little  can  be  said.  He  states  that  his  mineral, 
although  from  an  unknown  locality,  is  from  either  Mexico  or 
South  America,  whence  it  was  brought  to  England  or  France 
for  the  manufacture  of  vanadiuin  compounds.  His  description 
of  the  mode  of  occurrence  and  physical  properties  is  almost 
identical  with  the  specimen  in  my  possession.  The  minerals 
have  the  same  density  and  are  alike  in  many  particulars  as  seen 
by  the  following  comparison  of  the  analyses. 
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V»0»  A„06  PiOb  PbO  CuO     ZnO    H,0 

rritochorite,  Frenzel  G.,  6*26     24*41  376 63-90  704  11-06 =  lOOlt 

Desdoizite,  Penfield,         6*205  18*95  3*82   0*18  54*93  6*74  12*24   2*70 

It  does  not  seem  probable  that  2*70  per  cent  of  water  could 
bave  been  overlooked  in  the  analysis  of  triiochorite  and  the  dif- 
ference in  the  percentage  of  vana<lic  acid  in  the  two  minerals  is 
also  quite  large.  Nevertheless,  the  minerals  are  so  much  alike 
in  all  physical  characters,  that  it  may  be  possible  that  ihey  are 
identical.  But  more  definite  facts  in  relation  to  the  occurrence 
of  the  minerals  and  further  analyses  are  necessary  in  order  to 
decide  definitely  the  relation  between  them. 

Sheffield  Scientific  School,  June  23d,  1883. 


Art.  XLI. — On  Hybocrinua^  Hoplocrinus  cmd  JScBrocrinus  ,• 
by  Chables  W  achsmuth  and  Frank  Springer. 

When  we  prepared  the  generic  description  of  Hyhocrinua 
for  the  first  part  of  our  Revision  of  the  Palseocrinoidea,  we 
were  not  aware  that  the  Dnke  of  Leuchtenberg  had  de- 
scribed a  species  from  Russia  under  the  name  of  Apiocrintts 
dipentas^  which  had  been  referred  by  several  writers  to  the 
former  genus.  Our  first  knowledge  of  the  occurrence  of  this 
^nuB  in  Russia  was  derived  from  x^rofessor  Zittel's  Handbuch 
der  Paleeontologie,  received  while  our  work  was  in  press,  in 
which  Zittel  placed  Hojplocrvnus  Grewingk,  HomocrinuB  Eich- 
wald  (not  Hall),  and  Bcerocrinua  Volborth,  as  synonyms 
under  Hyhocrinua  Billings.  Unable  at  that  time  to  obtain 
the  necessary  literature  and  over-anxious  to  have  the  generic 
records  as  complete  as  possible  we  copied  Zittel's  synonymic 
list,  quoting  him  as  autnority,  and  left  the  recording  of  the 
species,  of  which  we  knew  nothing,  for  some  future  time. 
That  we  gave  simply  a  quotation  from  Zittel  was  overlooked 
by  P.  Herbert  Carpenter  in  his  late  paper  "  On  the  Relation  of 
aybocrinus^  Boerocrmvs  and  Hyhocytites^^^  published  in  the 
Quart.,  Joum.  Geol.  Soc,  London,  August,  1882,  page  292. 
Carpenter  found  it  "  rather  curious  "  that  we  had  not  observed 
the  differences  existing  among  the  azygous  plates  of  the  Rus- 
sian and  Canadian  species,  ana  while  quoting  Hoplocrinus  and 
BoBTOcri/n/us  as  synonyms  of  Hyhocnnus^  nad  not  noted  the 
species  described  under  those  genera. 

We  have  since  had  opportunity  to  examine  the  numerous 
publications  which  have  appeared  on  these  genera  and  have 
oome  to  the  conclusion  that  Doth  Russian  forms  should  be  sep- 
arated from  HyhocTvnua  even  more  than  subgenerically. 

The  genus  nyhocrvnus^  as  originally  defined  by  Billings,  is 

Am.  Joub.  801.— Thibd  Sebibb,  Vol.  XXVI,  No.  155.~Noy.,  1888. 
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composed  of  five  basals  (no  under  basale),  five  radials  and  two 
azygouB  plates.  Four  of  the  radials  are  equal  and  altem&tiiig 
with  the  basals ;  the  fifth  much  smaller  and  resting  upon  tke 
right  sloping  side  of  a  large  azygous  plate  which  stands  in  line 
with,  and  has  abont  the  size  of  the  four  large  radials.  The  left 
sloping  side  of  the  azygous  plate  is  occupied  bj  a  second  air- 
eons  piece,  which  in  form,  size  and  position  closelj  resembles 
Sie  fifth  radial  lying  adjacent  to  it  on  the  right.  There  are 
only  five  arms,  undivided,  and  apparently  devoid  of  pinnules. 
The  Hussian  form  (fig.  2),  is  very  simdar  to  the  American. 
It  has  the  same  humped  appearance ;  also  five  simple  arms,  aud 
the  plates  in  the  calyx  are  similarly  arranged,  but  contrary  to 
the  American  it  has  only  a  single  azygous  plate.  The  left  side 
of  this  plate  extends  to  the  upper  margins  of  the  four  taige 
radials,  while  its  sloping  right  side  supports  the  fifth  radial, 
which  is  much  smaller  and  triangular,  and  taken  together  with 
the  azygous  piece  as  one  plate  tne  two  resemble  in  form  tlie 
four  large  radials,  only  that  there  is  an  arm  facet  and  this 


1,  uecruLv iTiiM ,   i,  nuplocrinta ;  3,  Hyboerimu;  *,  loerima. 
t,  basals;  r,  radials;  a,  ftiygoua  plate ;  i,  special  «n»[  plate ;  •  -'-* — 

pushed  to  one  side.  The  Hussian  form,  which  is  represented 
Ly  Leuchteiiberfj's  Apiocrimte  dipenta^,  was,  curiously  eDongh, 
regarded  bv  Eicliwald  (Lethaea  itossica,  Band  I,  pp.  582-584), 
as  "identical  witli  llomocrinits  Hall,  a  genus  with  weli-devei- 
uped  under-hasals,  to  which  he  referred  the  species. 

Under  llomoci'initii  dijientas,  Eichwald  figures  two  speci- 
mens, the  one  Leuchtenberg's  type  from  the  VaginatenkalK  of 
Pulkowa,  near  St.  Petersbiirg,  the  other  from  the  Brand- 
schiefer  of  Erras.  The  two  specimens,  which  in  their  external 
appearance  differ  considerably,  were  afterwards  referred  by 
iome  authors  even  to  the  same  species,  while  others  have  de- 
scribed them  under  distinct  genera.  The  Erras  specimen, 
which  was  referred  by  Volbortli  {Bulletin  St.  Petersb.  Acad., 
vol.  viii,  1865,  p.  178),  to  a  new  genus,  is  known  as  Bcerocri- 
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ntcs  Ungemi;  that  from  Pulkowa  was  placed  by  the  same 
author  under  Hyhoori/nvs  Billinffs.  The  differencMSS  which 
exist  between  the  latter  form  and  the  Canadian  types  of  that 
genus  were  not  observed  by  Volborth,  but  they  were  pointed 
out  by  Grewingk  (Archiv.  ilir  die  Naturkunde,  Liv.  Enst.  and 
Kurland's  Ser.  1),  vol.  iv,  p.  110,  who  placed  only  the  Cana- 
dian species  under  Hyhocrmv^y  and  proposed  for  the  typical 
Russian  form  the  genus  HoplocrmuB^  accepting  BoBTOcrimia 
for  the  Erras  specimen.  Eichwald,  in  reply,  vigorously  de- 
fended his  first  opinion,  maintaining  that  the  Erras  sjpecimen 
represented  a  monstrosity,  that  it  was  specifically  identical 
with  the  Pulkowa  specimen,  and  that  both  belonged  to  Homo- 
crimes  (Bulletin  de  la  Soc.  Imp.  des  Nat.  de  Moscow,  ii,  p.  150). 
Volborth  responded  (Ibid,  p.  442),  insisting  that  a  species 
composed  of  two  rin^  of  plates  could  not  belong  to  a  species 
having  three ;  that  the  Pulkowa  specimen  was  a  JByboeriniiSj 
md  that  the  Erras  specimen  was  specifically  and  generically 
distinct  therefrom. 

Schmidt,  who  wrote  several  years  later  (Memoires  de  ? Acad. 
Imp.  des  Sci.  de  St.  Petersb.  (Sec.  5)  vol.  xxi,  No.  11),  ac- 
knowledged the  differences  between  the  Canadian  and  Kus- 
8ian  species,  but  he  regarded  them  as  not  of  sufficient  import- 
ance for  generic  separation.  He  took  the  Erras  specimen  to 
be  an  abnormal,  imperfectly  formed  example  of  MyhocTvn/u8 
diperUaa. 

Carpenter  (Quart.  Joum.  Geol.  Soc.  London,  August,  1882), 
agreed  with  Schmidt  and  Volborth  that  Apiocrmus  dipentaa 
was  a  HybocTVMiB  but  only  the  typical  form.  He  considered 
the  simple  azygous  plate  in  the  Russian  species  as  "  probably 
equivalent  to  tne  two  present  in  the  Canadian  Species,"  and  he 
proposed  a  modification  of  Billings'  generic  definition,  so  as  to 
mclude  the  Russian  form ;  but  he  considered  Basrocrinv^^  as 
defined  by  Grewingk,  to  be  "  an  altogether  different  generic 
type." 

The  differences  in  the  number  and  arrangement  of  the  plates 
at  the  azygous  side  have  been  very  generally  regarded  as  excel- 
lent characters  for  distinguishing  genera  among  Palseocrinoidea, 
and  in  the  Cyathocrinioae,  which  show  but  little  variation  in 
the  general  construction  of  the  body,  they  frequently  consti- 
tute, when  the  arms  are  unknown,  the  only  means  of  separa- 
tion. That  in  the  present  instance  the  two  types  happen  to 
resemble  each  other  in  their  umbonate  form,  can  be  no  valid 
reason  for  making  these  genera  an  exception  to  the  general 
rule,  since  all  Cyathocrinidse  are  more  or  less  protuberant 
along  the  anal  regiona 

It  nas  been  satisfactorily  proved  that  there  exists  a  structu- 
ral difference  in  the  azygous  plates  of  the  respective  types ; 
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Yolborth  has  established  a  genus  for  the  Eussian  form  and  thig 
cannot  be  disregarded  without  great  inconsistency.     That  the 
one  azygous  plate  in  the  Kussian  species  is  probably  equiva- 
lent to  tne  two  in  the  Canadian,  which  we  do  not  dispute,  does 
not  in  our  opinion  alter  the  case.     We  have  already  shown 
(Revision  I,  pp.  65-75),  that  the  differences  amon^  the  plates 
of  the  azvgous  side  in  some  of  these  genera  are  uie  result  of 
modifications  from   one   to  another,  and  we  hope  to  prove 
further  on  that  the  plates  which  constitute  the  azygous  side, 
both  special  anal  plates  and  adjoining  radial,  had  a  common 
origin  in  all  these  genera,  and  were  gradually  evolved  from  a 
gimnle  azygous  plate. 

There  is,  however,  another  good  distinction  between  HyW 
CTvauB  and  Hoplocriwus^  to  wnich,  as  yet,  little  attention  Las 
been  paid,  although  it  has  been  indicated  by  Wetherby  (Cin- 
cin.  Journ.  Nat.  Hist.,  July,  1880),  when  he  deteribed  the 
upper  azygousplate  "  as  rounded  and  crenulated  at  its  distal 
extremity."  Wetherby  had  discovered  in  Mercer  county,  Ky., 
associated  with  HyhocystUes  problernMicus^  in  a  siliceous  lime- 
stone at  the  upper  part  of  the  Trenton  group,  several  well-pre- 
served specimens  of  Hyhocrvnus  tumiaus  jBillings,  which  he 
illustrated  by  several  figures.  Fig.  2  on  Plate  V,  represents 
the  azygous  side  of  a  specimen  ^'  lowing  the  crenulated  and 
convex  upper  face  of  the  azygous  plate,"  a  structure  which  had 
not  been  tound  in  any  of  the  Russian  specimens,  and  which 
they  probably  did  not  possess,  if  reliance  can  be  placed  upon 
the  figures. 

Wetherby  states  that  in  IFyhocrinus  "  the  form  of  the  (azy- 
gous) plate  is  suflicieiit  evidence,  that  it  supports  a  strong  ven- 
tral sac,"  and  he  says  further,  that  "  the  crenulated  condition 
of  the  articulating  upper  surface  of  this  plate  indicates  the 
place  of  the  lower  exterior  opening  into  this  sac." 

We  are  sorry  that  we  cannot  agree  with  Wetherby  in  some 
of  his  conclusions.  We  think  the  form  of  the  azygous  plate, 
on  the  contrary,  indicates  that  the  species  had  an  unusually 
short  ventral  sac,  or  actually  no  sac  at  all,  but  was  provided 
with  a  bulbous  protuberance,  in  connection  with — and  foriniDe 
a  part  of — the  azygous  (anal)  plate.  The  structure  is  not  well 
shown  in  the  figure,  and  probably  none  of  the  specimens  which 
had  been  discovered  up  to  the  time  he  wrote,  exnibited  satisfac- 
torily the  crenulated  portions  which  form  the  upper  part  of  the 
protuberance.  We  have,  however,  been  favored  lately  with 
several  excellent  specimens,  which  Professor  Wetherby  has 
since  obtained  from  the  same  locality,  and  these  have  afforded 
us  somewhat  better  information  respecting  these  parts. 

The  second  azygous  plate,  up  to  the  place  where  the  crenu- 
lation   begins,   is    irregularly   quadrangular,   the    upper  side 
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rounded  and  convex.  The  "  crenulated  part,"  which  is  much 
more  delicate,  and  rarely  preserved  in  the  fossils,  at  first  takes 
an  upward  direction,  but  soon  bends  abruptly  inward,  then 
downward  .toward  the  ventral  cavity.  The  part  comprising 
the  latter  side  is  not  well  shown  in  any  of  the  specimens,  but 
so  far  as  we  can  judge,  it  seems  that  the  crenulation  does  not 
extend  beyond  the  upper  edge.  There  is  seen,  however,  in  one 
of  our  specimens  at  tnat  side  a  small  projection,  with  possibly 
an  opemng,  which  may  represent  tne  anal  aperture.  The 
crenulated  portion  of  the  plate  is  continuous  with  the  smooth 
part,  there  being  no  suture  between  them,  but  the  division  is 
marked  by  a  weU-defined  curved  ridge  across  the  plate,  which 
extends  down  a  little  lower  next  to  the  small  radial,  than  at  the 
opposite  side.  From  this  ridge  pass  out,  nearly  at  right  angles, 
numerous  parallel  grooves,  which  take  an  upward  and  inward 
course,  and  extend  to  the  upper  end  of  the  plate.  The  grooves 
are  so  regular  and  deep,  that  they  are  evidently  no  mere  sur- 
face ornamentation,  but  represent  a  complicated  organic  struc- 
ture. The  protuberance  extends  somewhat  beyond  the  limits 
of  the  radial  plates ;  it  is  compressed,  being  wider  than  deep, 
and  its  general  appearance  that  of  the  rhombs  in  the  Cystidea. 
Indeed  the  resemblance  to  the  latter  is  so  striking  that  we 
think  the  grooves  of  Hyhocriwua  communicated,  like  those  of 
the  rhombs,  with  the  inner  body. 

From  Wetherby's  description  we  infer  that  he  supposed  the 

hollow  portion  of  the  anal  piece  to  be  solid,  for  he  took  the 

npper  side  of  the  crenulation  to  be  "  the  articulating  surface" 

of  the  plate,  and  heavy-plated,  when  in  fact  it  is  delicate  and 

hollow  within.      Thus   only  can  we   explain  his  supposition 

that  the  azygous  plate  was  supported  by  a  strong  ventral  sac 

He  evidently  thought  the  so-called  "  articulating  surface"  had 

been  surmounted  by  other  plates,  and  that  these  had  formed 

the  sac.     In  using  the  term  "  articulating  surface,"  Wetherby 

probi^bly  did  not  think  of  a  connection  of  muscles  and  fossao, 

as  supposed  by  Carpenter  (Quart.  Joum.,  1882,  p.  305),  nor  of 

any  other  movable  mode  of  articulation ;  he  simply  meant  the 

line  of  junction  by  suture.     The  word  "  articulation"  has  been 

frequently  used  m  the  description  of  Crinoids  in  the  latter 

sense,  and  we  have  ourselves  used  it  so ;  but  it  is  not  a  good 

practice,  and  should  be  abandoned.     A  connection  by  suture 

ought  to  be  called  so,  and  the  above  term  be  used  only  when 

there  is  a  movable  connection  or  true  articulation. 

We  suggested  (Revision  I,  pp.  ^^  and  74),  that  in  Hyhocri- 
nu%  the  small  radial  corresponded  to  the  upper  half  of  the  com- 
pound plate  in  Dendroorinus^  and  that  tne  lower  half  was 
probably  represented  in  a  portion  of  the  large  undivided  azy- 
gous plate.     We  further  alluded  to  HmaocrinuB  as  difEering 
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from  Deadrocrinus  only,  in  having  the  suture  between  the  eec- 
tions  of  the  compound  plate  sloping  instead  of  horizontal,  and 
that  thereby  the  plate  which  in  the  latter  had  been  a  radial  in 
position,  had  become,  by.slight  modifications,  transformed  into 
an  anal  plate.  These  views  were  accepted  by  Carpenter,  who 
expresses  himseK  as  entirely  concurring  with  us  respecting  the 
mutual  relations  of  Ilyhocinnus^  HomocHnus  and  Vendrocri^ 
nu8,  but  who  suggests  that  probably  the  lower  part  of  the  com- 
pound radial  of  the  latter  genus  was  represented  by  the  whole 
of  the  large  azygous  plate  of  Hyhocrinits^  and  not  by  a  portion 
of  it,  and  in  this  he  is  undoubtedly  correct.  He  disagrees  with 
us,  however,  in  regard  to  the  relations  of  these  genera  to 
locriniis. 

We  described  locrimts  (Revision  I,  p.  68)  as  being  com- 
posed of  five  basals,  and  five  eaual  radials ;  the  latter  support- 
mg  three  or  four  brachials,  oi  which  the  proximal  one  oi  the 
right  postero-lateral  ray  was  bifurcating,  toward  the  right  sup- 
porting four  brachials,  and  toward  the  left  giving  on  a  large 
ventral  tube.  We  stated  that  the  bifurcating  plate,  which  to 
us  appeared  to  be  movable  like  the  succeecEng  pieces,  had  a 
strictly  radial  position,  but  that  it  supported  not  only  arms,  but 
also  the  ventral  sac,  and  that  this  plate,  resting  upon  what  we 
considered  to  be  a  true  radial,  was  a  brachial  with  interradial 
functions.  We  admit  that  the  large  so-called  postero-lateral 
radial  (fig.  4^/)  is  not  articulated  to  the  bifurcating  plates  Imt 
united  with  it  by  suture  ;  we  insist,  however,  that  the  latter 
cannot  be  an  azy<^ous  plate,  as  suggested  l)v  Carpenter, — nor  is 
it  a  brachial — but  that  it  is  the  equivalent  of  the  combined 
small  radial,  and  small  anal  plate  in  Jlyhocrhnis^  and  that  the 
lar<re  plate  underneath  (fig.  i<i)^  which  both  Carpenter  and  our- 
selves took  to  be  a  radial,  is  an  azygous  plate,  analogous  to  the 
larire  azygous  plate  in  Ili/hocriivf/s,  The  change  which  we 
propose  in  the  generic  formula  of  loer'tnus  will  be  better 
understood,  after  an  examination  of  Bierocrinvs. 

The  original  generic  description  of  BarocrinuH  by  Volborth 
contains  little  information  respecting  the  arrangement  of  the 
plates  in  tlie  calyx,  of  which  the  greater  part  in  the  type  was 
Concealed  l)y  matrix.  Volborth  distinguishes  Ban'ocmm 
from  I[j/hornniij<  (iipfntaa  bv  the  greater  size  of  the  body  and 
slight  diiFerences  in  the  structure  of  the  arms.  He  de8cril)es 
also  a  peculiar  **  elli])ti(!  organ,"  placed  along  the  lower  comers 
of  two  adjoining  radials  and  across  the  angle  of  the  adjacent 
basal.  This  so-called  "Yolborth's  organ"  stands  somewhat 
elevated  above  the  calyx,  where  it  forms  a  kind  of  excrescence 
upon  the  surface.  It  is  said  to  be  closed  by  numerous  small 
polygonal  pieces,  so  arranged  that  their  sutures  are  nowhere 
continuous  with  the  sutures  from  the  adjoining  larger  plates. 
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1  this  peculiar  organization,  mainly,  which  Volborth  took 
either  a  madreporic  body  or  a  genital  organ,  the  genus 
Tcrinus  was  established. 

1867,  Grewinffk  brought  forth  an  amended  description  of 
')crimt8.  He  nad  succeeded  in  cleaning  the  Erras  speci- 
f  rom  its  matrix,  and  this  had  enabled  him  to  examine  the 
of  the  body  and  the  construction  of  the  plates,  of  both  of 
b  he  gave  ngures  and  diagrams.  He  declared  Volborth's 
1  to  be  a  monstrosity,  and  undertook  to  prove  this  by  the 
alarity  in  the  arrangement  of  the  so-called  plates  of  which 
isists.  According  to  his  version,  it  is  composed  of  about 
een  pieces,  of  the  most  irregular  form  and  size,  some  of 
pentagonal,  some  hexagonal,  others  rounded,  and  all 
)ut  deiinite  arrangement.  He  further  states  that  the 
'es  from  the  adjacent  radials  and  the  basal  plate  are  not 
nued  within  its  limits,  and  that  nothing  leads  to  the 
usion  that  these  plates  meet  with  each  other,  like  the 
ining  radials  and  basals  of  the  specimen.  He  thinks  the 
ing  is  produced  by  the  breaking  up  of  the  plates  Bur- 
ling it,  and  he  finds  that  at  least  some  of  the  cracks  do 
►ass  entirely  through  the  walls.  He  describes  the  calyx  as 
»osed  of  five  basals  and  five  radials,  the  latter  arranged  in 
tinuous  series,  but  three  of  them  only  provided  with  an 
liar  facet  and  arm-bearing.  Among  his  figures  there  is  a 
am  (fig.  2d)  showing  the  outline  of  the  body  as  it  appears 
3  upper  edge  of  the  radial  plates,  which  is  triangular,  with 
jht  sides  and  rounded  angles.  The  afUgles  represent  the 
uding  arm  facets  of  the  three  arm-bearing  plates,  while 
wo  non-arm-bearing  pieces  form  a  part  of  the  sides  of  the 
^le.  Looking  at  this  figure,  and  afterward  at  fig.  Ic, 
1  gives  the  same  view  of  '^  Hyhocrinus'^^  dipentas^  which 
presented  with  a  strictly  pentagonal  outline,  the  contrast 
irs  to  be  most  striking ;  but  in  his  description  Grewingk 
little  attention  to  this  feature,  and  only  mentions  it  by 
Lg  that  the  form  of  the  calyx  is  "  globular,  with  the  excep- 
>f  the  upper  rim  which  is  trianffurar."  Volborth  seems  to 
considered  the  five  large  radials,  of  which  only  three  are 
)earing,  and  to  some  extent  perhaps  the  "  ellipische  Aus- 
tte  zwischen  den  Klammern  der  Armglieder,"  the  prin- 
generic  characters  of  Bi^rocrimis, 

imidt,  who  wrote  in  1876,  considered  the  Erras  specimen 
mormal  and  imperfect  form  of  ''  Hyhocrinus "  aipentas. 
lad  seen  in  the  collection  of  Volborth  three  specimens 
Palowsk,  which  possessed  only  four  arm-bearing  radials — 
>f  the  right  anterior  ray  having  no  arm  facet — together 
others  in  which  all  five  radials  were  developed,  and  he 
the  f  ormier  to  be  an  important  link  between  the  five-armed 
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specimens  and  the  three-armed  one  from  Erras.  As  to  the 
aosence  of  the  small  posterior  radial,  he  thinks  it  may  have 
been  lost  in  the  specimen.  He  attributes  Volborth'e  or^2;an  to 
mechanical  causes  and  deems  it  to  be  of  no  value  specificallj 
or  generically.  According  to  his  statement,  the  calyx  bulm 
out  and  is  torn  up  by  rents  and  cracks,  which  follow  all  possible 
directions,  forming  small  irregular  plates,  and  that  some  of  the 
cracks  extend  deeply  into  the  surrounding  plates  (fig.  1  on  pL 
1).  Schmidt  explams  the  "  Ausschnitte "  between  the  arm 
joints  in  the  Erras  specimen  as  incidental  breaks,  which  he 
attributes  to  the  delicacy  of  the  plates  toward  the  articulation. 
Nothing  is  said  about  a  difference  between  the  two  types  in  the 
form  or  the  body. 

According  to  Carpenter,  the  last  writer  upon  the  subject, 
the  cylyx  of  Basroorinus  "  consists  of  ten  plates,  which  are 
arranged  in  two  alternating  rows  without  any  indications  of 
anal  plates,"  and  he  remarks — "  this  does  not  agree  at  all  with 
Billings's  analysis  of  the  Hyhocrinua  calyx."  He  says  further: 
^^  BmrocrimtSj  if  rightly  described  by  Grewingk,  represents  to 
my  mind  an  altogetner  different  generic  type,"  and  "  occupiee 
a  somewhat  unioue  position  among  the  Cnnoidea.  It  is,  per- 
haps, best  regarded  as  a  permanent  larval  form,  which  has  only 
developed  three  of  its  five  arms."  And  he  says  of  Volborth'g 
organ — "it  struck  me  as  possible  that  it  may  represent  the 
anal  opening,  which  does  occupy  a  somewhat  similar  position 
between  the  radials  and  l)a8als  at  one  period  of  Crinoid  devel- 
opment/' He  also  alludes  to  the  triangular  outline  of  the 
calyx  in  Bcerocrin  uti,  and  the  pentangular  form  in  ''  Hubom- 
7i</.v,''  which  he  thinks  additional  proof  that  the  two  are  distinct 
types. 

It  seems  that  Carpenter's  arguments  for  separating  Brno- 
cfU7ii(s  from  '' /y///><>tv/;i ?/.y "  (Hoplocrinus)  are  based  upon  the 
following  points :  The  former  has  no  anal  plates ;  only  three 
arm-bearing  radials ;  possibly  an  anal  opening  between  basals 
and  radials ;  and  the  calyx  has  a  different  form.  It  has  been 
stated  that  neither  Grewingk,  who  gave  a  cross  section  of  the 
upper  part  of  the  two  specimens,  nor  Schmidt,  who  saw  those 
figures  and  examined  the  original  specimens,  attached  any 
imiK>rtance  to  the  form  as  a  (listinguishing  character,  and  it 
seems  to  us  that  a  careful  comparison  of  Grewnngk-s  figures  2rf 
and  2h,  which  both  represent  the  Erras  specimen,  disclose  the 
fact,  that  the  trigonal  outline  of  tigure  2(f  does  not  extend 
much  beyond  the  verv  odgt*  of  the  calyx  ;  that  the  cross  section 
beneath  the  arm  facets  is  pentangular,  or  as  much  so  as  in  the 
Pulkowa  specimen,  and  that  even  the  upper  edge  would  repre- 
sent a  similar  outline  if  the  two  non -arm-bearing  plates  had 
been   provided,  like  the  other  three,  with  protruding  facets. 
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We  think  the  trigonal  form  in  this  case  is  fully  explained  by 
the  absence  of  these  two  facets.  The  outline  could  not  be 
otherwise,  and  for  a  similar  reason  it  must  be  quadrangular  in 
the  four-armed  Palowsk  specimens. 

The  non-development  of  a  radial,  which  is  found  occasion- 
ally among  specimens  of  the  early  types,  is  evidently,  as  Car- 
penter admits,  due  to  their  low  organization,  but  for  tlie  same 
reason  this  feature  cannot  be  of  much  value  in  considering  the 
^neric  or  even  specific  relations  of  these  forms. 

Carpenter's  suggestion  that  Volborth's  organ  was  perhaps 
the  anal  opening  seems  to  us  to  be  sustained  neither  by  embry- 
ology, nor  by  its  own  structure.  When  the  Pentacrinoid  larva 
of  Antedon  assumes  the  crinoidal  type,  almost  contempora- 
neously with  the  development  of  the  first  radials,  there  appears 
Ixetween  two  of  the  latter  plates,  and  on  a  level  with  them,  an 
irregular  single  anal  plate.  Somewhat  later  this  attains  an 
sUiptic  form,  and  is  gradually  lifted  out  from  between  the  first 
radials,  until  it  becomes  developed  into  a  conspicuous  funnel. 
ALt  the  end  of  Pentacrinoid  life  the  anal  plate  disappears 
entirely,  being  removed  by  absorption  over  the  whole  body.* 

We  find  a  close  analogy  to  the  anal  plate  of  the  young 
Antedon  in  the  simple,  large  anal  piece  of  Hexacri/nus  ana 
Dicfiocri/nvs^  in  which  that  plate  occupies  the  very  same  posi- 
tion, and  is  surmounted  also  by  a  funnel-shaped  tube ;  but  we 
confess  that  we  fail  to  find  any  such  analogy  in  the  so-called 
Drgan  of  Volborth.  In  the  Erras  specimen  there  is,  in  place  of 
the  one  plate,  a  multitude  of  plates  of  the  most  doubtful  origin, 
and  these  occupy  what  ordinarily  would  form  the  junction 
between  two  radials  and  a  basal  plate.  We  find  no  indication 
Df  an  aperture,  and  none  is  mentioned  by  either  Volborth  or 
Grrewingk.  Schmidt's  figure,  pi.  1,  fig.  1,  which  is  probably 
the  most  reliable,  shows  a  long  gaping  crack  through  the  middle 
part,  but  this  is  evidently  a  break  and  no  regular  organic  struc- 
ture. The  irregularity  of  all  these  plates  seems  to  us  also  a 
serious  objection  to  Carpenter's  view,  as  the  small  plates  sur- 
rounding the  anal  aperture,  in  all  Palseocrinoids,  are  arranged 
with  the  utmost  regularity,  and  in  all  cases  where  there  is  a 
lateral  opening,  their  arrangement  presents  a  strictly  bilateral 
symmetry.  All  this  leads  us  to  think,  that  we  cannot  be  far 
miiss,  in  considering  Volborth's  organ,  as  Eichwald,  Grewingk 
md  Schmidt  have  done,  to  be  an  abnormal  structure,  due  to 
nechanical  agencies.  Its  protruding  form  would  indicate  that 
this  force  must  have  been  pressure  from  within,  and  hence  that 
this  structure,  very  probably,  may  represent  an  abnormal  anus, 

♦  Researches  in  the  Structure,  Physiology  and  Development  of  Antedon  {coma- 
^ula  Lamark)  rosaceus,  by  W.  B.  Carpenter,  M.D.,  F.R.S.,  Philosophical  Transac- 
iojiB  ot  the  Royal  Society,  London,  clvi,  pp.  726  to  747. 


TTaatiiMd  and  ^imi^m    PuImMriitridm. 

fanoai  wbBu  the  regular  ual  opening  of  tibe 
'—    '  -  lUy  defeotive.    Ve  h»B  freqnemtlj  « 
1I7  among  Aotinoorinidn,  in  wliidh  the 


iimotioiutlly  defeotive.  "We  hftre  freqnemtlj  aeen  nedmcBi, 
tienlaily  among  Aotinoorinidn,  in  which  the  tarn  'pumgt 
.  been  obBtra^ed,  and  a  new  ojpeoSxig  had;  fonned  if 


>  throndi  the  test  at  aome  other  jdaea  Ik  oae 
Ue  apeimnen  of  Aotmoormw^  whioh  haa  been  notiaed 
atreadj  hj  one  of  na  (this  Journal,  vol.  zir,  p.  1ST,  Aj^ 
1977),  the  new  opening  penetrated  the  calyx  aung-  the  hmk- 
mdSju  BQtare,  between  ihe  fint  snal  jdsie  and  the  righ 

poeterior  first  radial,  fonning  a  laivB  azoraaoeDO^ 

of  nnmerons  irr^^olar  pieoeB ;  wiUe  hi  other 
idmHar  opeaings  protrude  bnt  little  above  tihe  gi 
face  of  the  calyx.  In  overj  eaae  in  whioh  tUa  atnt  of  aoit 
has  been  obeeored,  whether  paanng  throogh  the  noh  or 
the  oalyz,  it  iB  foond  to  be  tooatm  within  the  anal  intov 
radioa,  and  henoe  we  may  aafely  aaaert  lliat'  if  YcdbnA*! 
ogfm  eerred  aaeb  an  office,  the  nde  which  it  oeonpseB  ii  % 
anal  side,  and  that  the  non-arm-bearing  {date  towara  Ae  leftii 
u  txvgovM  plat^  and  not  a  ra^l  aa  BOggested  by  Carpenter 
and  tne  other  wntera.  If  it  ia  a  radial,  JSaroenmi's  repres^nu 
MU  exceptional  type.  It  waa  Oarpenter  himself  who  together 
with  B.  Etheri^je,  Jr.  (Ann.  and  Maff.Nat  ffirt^  April  1881, 
p.  S95),  flrat  pointed  ont,  that  in  Pafeoiioio  Orinoidii  tlic  ttym- 
metry  of  fhe  calyx  vraa  more  or  leaa  disturbed  by  tin-  pn'-njce 
of  an  azygouB  or  anal  side,  and  this  was  the  most  constvit 
character  for  distinguigliing  the  Patfeocrinoidea  and  Neocri- 
noidea,  Now,  if  B<Broorinu8  is  composed  of  five  baeak  and 
five  radiale  without  an  anal  plate,  it  surely  would  represent 
one  o£  the  most  symmetric  forms  of  the  Palteocrinoidea,  snct 
as  are  rarely  found  except  toward  the  close  of  the  Snb- 
carboniferous. 

We  offer  the  following  amended  diagnosis  of  Swrocnnm : 
Calyx  composed  of  five  large  nearly  equal  baeals,  and  a  nw 
of  five  other  plates  forming  a  second  circlet.  The  plates  of  the 
latter  consisting  of  four  radiale,  three  of  them — perhaps  some- 
times four — arm-bearing,  and  a  large  undivided  azygons  phie 
of  similar  form  as  the  radials.  The  plate,  which  in  other 
genera  representa  the  right  posterior  radial,  is  not  developed. 
Arms  eimilar  to  those  of  Hoploorinus  and  Syhoorinus. 

Comparing  this  formula  with  that  of  aoplocrinus,  there 
eeems  to  be  a  wide  difference  between  the  two  types.  Bnt 
looking  at  the  diagrams,  figures  1  and  2,  and  remembering  that 
in  Hoplocrinua  one  of  the  large  radials,  as  shown  by  Schmidt, 
is  occasionally  not  arm-bearing,  we  find  that  a  eingle  suture 
drawn  across  the  right  upper  comer  of  the  nndividra  airgiws 
^ate  of  Smrocn/nua,  transforms  this  genus  into  a  species  of 
Moplocrinus  with  four  or  five,  as  the  case  may  be,  arm-be«rinjt 
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adiale.  However,  it  is  scarcely  probable  that  the  division  of 
he  plate  actually  took  place ;  it  is  more  likely  that  the  right 
pper  comer  of  the  azygous  plate  was  gradually  absorbed  by  the  • 
adial.  This  view  is  corroborated  by  the  small  size  and  pecul- 
ir  shape  of  that  radial  in  HoplocrinvSy  and  a  comparison  of 
[lis  vrith  the  same  plate  in  Jayhoorinus^  in  which  it  has  ab- 
>rbed  a  greater  portion,  and  attained  somewhat  more  the 
iai)e  of  an  ordinary  radial.  In  the  latter  genus  the  iipp^r  left 
3mer  of  the  azygous  plate  has  become  divided  on  into  a 
fecial  anal  plate.  In  ngures  4-11,  representing  the  azygous 
de  of  some  of  the  later  genera,  the  posterior  radial  grows 
jTger  by  absorbing  more  and  more  the  azygous  plate  until 
lis,  and  at  last  also  the  special  anal  plate,  disappears  entirely 
b  the  dorsal  side. 

In  our  analysis  of  Bcerocrimis  we  have  taken  the  absence  of 
le  right  posterior  radial  to  be  *a  fixed  character.  It  may  be, 
owever,  that  in  the  Erras  specimen  this  plate,  exceptionally, 
ras  undeveloped,  which  is  not  improbable  in  such  a  low  and 
arly  type.  In  that  case  the  Erras  specimen  would  be  an  im- 
►eriectly  developed  Hoplocrinus^  and  only  a  link  toward  a 
till  more  simple  form  in  which  that  feature  is  constant.  We 
vill  not  undertake  to  decide,  without  seeing  the  specimens, 
vhether  under  these  circumstances  the  Erras  specimen  would 
)e  specifically  identical  with  Hoploci^nv.^  dipentas  ;  we  might 
lay,  however,  that  there  is  apparently  no  serious  objection  to 
t,  and  this  shows  how  closely  the  two  types  run  together,  and 
;hat  £(m*ocrin%ts  is  not  that  aberrant  "altogether  different 
;ype  "  which  it  was  regarded  by  Carpenter. 

The  accompanying  figures  show  the  arrangement  oV  the 
plates  of  the  azygous  side  in  the  principal  genera  of  the  Cya- 
iocrinidfe. 


6 


?ig.  1,  Baa-ocrinus;  fig.  2,  Haplocrmus;  fig.  3,  Hyhocrinus;  fig.  4,  locnnxLs;  fig.  5^ 
Dendrocrinus ;  fig.  6,  Honwcrinu^ ;  fig.  7,  Cyatkocrinus ;  fig.  S,  Poteriocrinus ;  fig. 
9y  Eupachycrinus ;  fig.  10,  Ceriocrinus;  fig.  11,  Erisocrinus.  The  letter  b  means 
basals ;  a,  azygous  plate ;  r,  posterior  radial ;  a;,  special  anal  plate ;  <,  first 
plate  of  the  anal  tube,  more  generally  known  as  third  anal  plate. 
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In  locri/nvs  (fig.  4),  the  arrangement  is  somewhat  like  that 
of  Hoplocrinua.  The  right  posterior  radial  is  almost  as  small 
•  as  in  that  genus,  but  in  place  of  occupying  the  comer  only,  it 
extends  over  the  whole  width  of  the  azygous  plate,  from  which 
it  is  separated  by  a  horizontal  suture.  Tnere  is  no  special  anal 
plate,  the  ventral  tube  rests  upon  the  left  sloping  side  of  the 
radial,  and  as  the  tube  has  no  connection  with  the  azygoiu 
plate,  we  suggest  that  possibly  the  radial  may  embrace  an 
undivided  anal  piece. 

In  Dendroorvnvs  (fig.  5),  the  case  is  similar  to  Hyhocrirm^ 
but  the  azygous  plate  is  comparatively  much  smaller  than  in 
tl^at  genus,  being  largely  replaced  by  the  anal  plate  which  at 
one  side  extends  down  to  the  line  of  the  basals.  The  posterior 
radial  and  the  azygous  plate  combined  resemble  in  lorm  the 
radial  in  the  four  other  rays,  being  of  about  equal  size  and 
separated  by  a  horizontal  suture.* 

in  the  Upper  Silurian  Homocrmvs  (fig.  6),  the  azjrgoui 
plate  is  reduced  to  a  small  quadrangular  piece,  resting  obhqnely 
against  the  right  posterior  radial,  against  the  anal  plate  and  two 
basala  The  anal  plate  is  large  and  connects  with  the  basalB, 
and  these  touch  the  adjacent  radial. 

In  Gyathocri/nus  (tig.  7),  which  appears  in  the  Upper  Silu- 
rian and  survives  the  Sub-carboniferous,  the  a2rjrgous  pkte, 
which  in  Homocrinus  had  been  already  greatly  reduced  in  size, 
is  al)8orbed  wholly  by  the  posterior  radial,  and  there  is  left 
only  a  large  special  anal  plate.  In  this  genus,  contrary  to  the 
preceding  ones,  and  those  of  other  Cyatliocrinidse  which  have 
an  azygous  piece,  the  right  posterior  radial  has  the  same  form 
and  size  as  the  one  toward  the  left. 

In  the  preeminently  Sub-carboniferous  genus  PoUriocrvnm 
(fig.  8),  we  find  an  azygous  plate,  but  this  is  pushed  out  etill 
more  from  beneath  the  radial  than  in  Honiocrinu^ ;  its  form 
is  pentagonal,  owing  to  an  additional  plate,  which  rests  upon 
its  upper  truncate  side.  Tliis  plate,  which  is  hexagonal  and 
best  knowTi  as  the  third  anal  piece,  is  actually  a  plate  of  the 
ventral  tube  incorporated  within  the  calyx.  The  anal  plate, 
which  is  smaller  than  in  the  two  preceaing  genera,  is  hexa- 
gonal, and  alternately  arranged  with  the  azygous  plate  and  the 
plate  above. 

In  the  typical  Eupachycrinus  (fig.  9),  the  ca^e  is  almost  the 
same  as  in  Poteriocriiuvs^  only  the  azygous  plate  is  compara- 

*  In  Revision  I,  pp.  65-75.  we  considered  the  combined  right  posterior  rtdiil 
and  tlie  azy^^oiis  plate  in  Dcndrocrinus,  wliich  in  their  position  and  proportions 
resemble  ihe  right  posterior  radial  in  Cyathocrinus,  to  be  a  compound  radial.  At 
that  time  \vc  thought  that  the  second,  tlio  ^o-called  azygous  plate,  in  Dendro- 
criniis,  Homocrinus.  and  in  the  Cyathocrinidai  generally,  was  a  modified  radial, 
and  also  that  the  anal  tube,  possibly,  had  l>eon  developed  from  an  arm.  Upon 
these  points  we  were  evidently  in  error. 
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tively  more  developed.  This  is  Bomewhat  remarkable,  as 
Eupachycrinus  is  one  of  the  latest  known  forms  of  the  Palseo- 
crinoidea,  and,  apparently  even  within  the  limits  of  this  genus, 
or  contemporaneously  with  it,  we  find  all  the  gradations,  from 
the  most  extravagantly  developed  anal  side  to  its  simplest 
forms.  Aside  from  the  irregular  symmetry,  .which  evidently 
represents  a  retrogression,  the  species  show  m  all  respects  that 
khey  belong  to  one  of  the  highest  types  of  the  group,  and  par- 
ticularly in  their  mode  of  articulation  they  are  luUy  up  to  the 
Jurassic  Neocrinidea. 

In  fig.  10,  a  form  which  has  been  generally  included  with 
EupctoKycrifiniSj  but  has  been  very  properly  separated  by  Dr. 
WThite  under  the  name  Ceriocrinus  (Contributions  to  Palaeon- 
;olojgy.  No.  6  (1880),  p.  127),  both  the  azygous  and  the  special 
inaPplate  are  absent,  and  only  the  small  third  anal  retains  its 
isuai  position,  which  extends  partly  beyond  the  limits  of  the 
"adialfi. 

In  Erisocrirmis  (fig.  11),  one  of  the  last  survivors  of  the  Cya- 
iocrinidae,  the  calyx  is  perfectly  symmetrical,  the  azygous 
md  anal  plate  being  entirely  absorbed  by  the  other  plates. 

The  dinerent  phases  in  the  Paleontojojrical  development  of 
the  azvgous  side  to  which  we  have  here  aDuded  resemble  most 
remarkably  the  stages  of  growth  in  the  anal  arrangement  of 
Antedon  during  its  Pentacrinoid  life.  At  a  time  when  even 
the  radials  were  yet  imperfectly  developed,  we  find  in  both 
forms  a  large  anal  (azygous)  ^^IdXe  JiBcerocrinus)^  which  is 
lifted  out  from  between  the  radials  {Jayhocrinus)  and  becomes 
developed  into  a  conspicuous  funnel  (the  later  Cyathocrinidse), 
until  at  the  termination  of  Pentacrinoid  life  and  the  close  of 
the  Carboniferous,  the  anal  plate  disappears  entirely.  The 
gradual  disappearance  of  this  plate  in  the  growing  animal  is 
represented  paleontologically  by  the  modifications  wjiich  take 
place  in  the  form  and  size  oi  the  plate,  and  these  modifications 
represent  important  generic  characters.  It  must  be  stated, 
however,  that  the  "anal"  plate  of  the  young  Antedon  is  evi- 
dently not  the  homologue  of  the  plate  in  the  CyathocrinidsB 
which  we  have  designated  as  the  "special"  anal  plate,  but 
that  it  is  the  equivalent  of  the  undivided  azygous  nlate  in 
Bcerocrintcs  and  Hoplocrimis,  "We  further  hold  tnat  the 
special  anal  plate  in  Hybocrinus  is  the  first  step  toward  a 
plated  tube  which  in  that  genus  is  reduced  to  its  minimum  size, 
consisting  of  only  a  single  plate.  The  diminuitive  tube  pos- 
sessed in  its  crenulated,  rhomb-like  structure  an  organization 
similar  to  that  of  the  later  genera  in  their  large  porous  sac 
composed  of  numerous  plates,  and  it  is  probable  that  both 
stmcturee  performed  the  same  functions,  and  these  may  have 
been  identical  with  those  of  the  rhombs  in  the  Cystidea. 
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AbT.  XLH. — EoobtiCon  tf  Q\a  AtMrieam  TnX&ng  Hone;  bf 
W.  H.  PlOKBRmO, 

Thx  two  utioles  which  have  appeared  on  the  above  subject 
in  the  Jnly  and  August  numbers  of  this  Journal  have  but  just 
'Oome  to  my  knowledge,  as  I  have  been  absent  from  the  city  ' 
for  Beveml  weeks.  Mr.  Nipher  has  dealt  with  the  question  in 
a  somewhat  dilfiirent  manner  from  myself  (see  Science,  Ua? 
4th),  and  has  arrived  at  quite  different  results. 

Aooording  to  tny  calculations   the  value  -^  (<  =  vefoaais, 

T  =  yean),  iosteod  of  diminishing  was  nearly  coaataot,  witb  a 
alif^t  tenaeno^  to  increase.  Or,  in  other  words,  horaes  were 
impmviDg  their  speed  slightly  more  rapidly  now  than  tliey 
were  a  few  vean  ago.  This  of  course  might  readily  be  «- 
plained  by  tne  greater  care  beslowed  in  breeding  and  by  greater 
atteotioQ  being  paid  to  the  subject  now  than  formerly.    ThiK 

Doald  not  last  for  many  years,  however,  and  the  value  of  ~ 

mmt  finally  diminish  to  zero.  But  in  the  mean  time  we  have 
no  meana  of  Baying  how  sooa  this  will  take  place,  or  what  will 
be  the  value  of  j»  According  to  my  work  we  could  only  pre- 
dict what  speed  would  be  made  in  the  course  of  the  nesl  few 
years,  and  it  was  concludeci,  for  example,  that  two  minutea 
would  be  reached  about  the  year  1907. 

Instead  of  taking  hia  dates  directly  from  the  races,  Ur. 
Nipher  prefers  to  interpolate  them  from  some  curves  which  he 
has  calculated.  If  all  the  observations  contributed  by  Mr. 
Brewer  could  be  included  in  this  scheme,  it  would  undoabtedlj 
be  the  beat  method.  As  it  is,  it  limits  our  author  confessedly 
for  accurate  work,  between  the  dates  1654  and  1873,  whereu, 
the  direct  method  ia  capable  of  including  all  observations  &om 
1824  up  to  the  present  time.  It  therefore  aeema  to  me  that  the 
greater  number  of  obaervations  more  than  compensates  for  the 
greater  accuracy  of  the  few.  And  indeed  I  think  this  is  iudi- 
cated  by  the  fact  that  we  shall  be  able  to  draw  quite  a  different 
conclusion  from  our  author,  though  using  the  results  obtained 
by  hia  own  method,  while,  by  uaing  all  the  obaervations  uio 
my  former  article,  I  think  but  one  conclusion  ca'n  be  drawn. 

At  the  top  of  page  22  (July  number),  Mr.  Nipher  give*  ■ 

table,  the  third  column  of  which  —  he  calculates  from  alter- 
nate differences  in  the  first  two  columns.  Now  where  there 
are  so  few  observationa  I  think  this  method  is  hardly  of  suffi- 
cient accuracy,  and  that  it  is  somewhat  better  to  divide  tJie 
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ifferences  of  the  first  column,  by  those  of  the  second, 
1.  By  so  doing  the  figures  in  the  third  column  will 
),  55,  64,  46,  65,  86,  76.  This  method  does  not  smooth 
;he  curve  at  all,  but  shows  it  with  all  its  original  irregn- 
.  Plotting  now  a  curve  with  these  figures  as  ordinates, 
le  corresponding  values  of  s  as  abscissae,  we  get  the 
ngfigare: 


■■■■■■1 


le  results  could  evidently  be  represented  by  a  carve, 
ley  show  what  mine  did,  only  I  think  in  an  exaggerated 

he  increasing  value  of  -77=  within  the  last  few  years. 

pher,  however,  prefers  to  represent  them  by  a  str^ght 
This  line  N  is  shown  upon  the  plate,  calculated  fromnis 
of  a  and  b.  Following  him  in  this  respect,  two  lines  of 
n  A  and  B  are  also  given.  Now  there  are  two  methods 
ich  we  may  determine  approximately  the  accuracy  with 
a  line  represents  a  series  of  observations.  First,  that 
;be  line  coincides  as  nearly  as  possible  with  the  points 
ed,  the  algebraic  sum  of  the  ordinates  should  be  zero; 
xind,  that  the  sum  of  the  squares  of  the  ordinates  should 
aced  to  a  minimum.  Making  these  calculations  we  ob- 
e following  results: 
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In  both  particulars  we  find  that  6  best  represents  the  results^ 
and  it  is  the  line  having  the  least  inclination.     We  therefore 

da 

conclude   that  -jpz,  is  diminishing  very  slowly.      Calculating 

ds 
its  equation  we  find  —  =  '084  f  '0033  a.      According  to 

ds 
this,  -r;;;  cau  onlv  bccome  zero  when  5  =  —  25,  or  in  other 
dT 

words  the  speed  of  the  trotter  will  only  cease  to  improve  when 

he  trots  a  mile  in  minus  twenty-five  seconds,  or  in  leas  than  do 

time  at  all. 

I  therefore  maintain  that  Mr.  Nipher's  method,  if  correctly 

interpreted,  gives  in  general  the  same  result  as  my  own.    Bj 

it  we  may  foretell  what  will  be  the  speed  attained  for  a  few 

years  in  advance,  but  we  cannot  tell  wnat  will  be  the  ultimate 

speed,  nor  when  it  will  be  reached. 

Institute  of  Technology,  Boston. 


Art.  XLIII. —  On  the  Discovery  of  Utica  Slate  CfraptoUtes  on 
the  west  side  oft/ie  Hudson  a  few  miles  north  of  Poughkeepsie; 
by  Mr.  Henby  Booth. 

During  the  construction  of  the  West  Shore  Railroad,  on  the 
west  bank  of  the  lludson  Elver,  the  lar^e  number  of  cuttings 
made  afforded  a  good  opportunity  for  examining  the  slate  and 
limestone  rocks  between  West  Park  antl  Cornwall. 

At  two  points  small  beds  of  Graptolites  were  found  by  Mr. 
C.  Lown,  of  Poughkeepsie,  and  myself.  The  localities  were 
nearly  obliterated  by  the  workmen,  but  we  obtained  some  speci- 
mens which  were  referred  to  Professor  R  P.  Whitfield,  of 
New  York.  Enclosed  is  his  letter,  giving  the  names  of  the 
graptolites  submitted  to  him. 

The  localities  are,  one  at  Blue  Point,  about  two  miles  south 
of  New  Paltz  Landing  (now  called  Highland),  and  one  about  a 
mile  north  of  the  same  place. 

Poughkeepsie,  N.  Y.,  Sept.  29th. 

Cop}/  of  Letter  from  J/r.  R,  P,  Whitfield^  dated  American 
Museum,  JVew  York,  August  2Sth. 

I  find  among  the  Utica  Slate  Graptolites  sent  me,  Diplograptus 
pristis  Hall  (not  of  Hisinger)  ;  Ulimacograptus  hicornis  Hall; 
DichograptiLS  furcaius  lltiW  \  D.  divaricaius  ^dWI \  JHonograptus 
gracilis  Hall ;  J/.  Sagittarius  Hall,  and  Diplograpius  marcdus 
Hall  ?. 
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Abt.  XLIV. — BecraJVa  Mountain  ;  by  WiLLiAM  MoRRis 

Davis. 

Previous  opinions  concerniog  this  locality — Formations  occurring  here — Their 
absolute  and  relative  positions — Question  of  nonconformity  between  Lower  and 
Upper  Silurian — Notes  on  the  accompanying  map— Relations  of  Lower  and 
Upper  Silurian  elsewhere. 

Becraft's  Mountain  is  a  small,  low  outlier  of  Lower  Hel- 
derberg  limestones,  resting  on  the  Hudson  Eiver  formation, 
two  miles  east  of  the  river  and  about  a  mile  southeast  of  the 
city  of  Hudson,  Columbia  county,  New  York.  If  the  name 
^pply  to  all  the  limestone  area,  it  would  include  an  oval  mass 
nearly  two  miles  long,  north  and  south,  and  over  a  mile  wide, 
low  on  the  ends  but  bordered  with  strong  bluffs  from  fifty  to 
one  hundred  and  fifty  feet  high  on  the  sides.  The  interest  in 
the  locality  arises  not  so  much  from  the  isolated  position  of  the 
limestones,  as  from  the  reported  nonconformity  between  the 
strata  of  Lower  and  Upper  Silurian  date.  The  previous 
-descriptions  and  figures  of  the  mountain  are  collected  in  my 
paper  on  the  Folded  Helderberg  limestones  east  of  the  Catskills 
(Bull.  Mus.  Comp.  ZooL,  Cambridge,  Geol.  Series,  i,  818,  1888); 
it  will  here  be  sufficient  to  mention  that  Mather,  Rogers  and 
Dana  described  it  as  showing  an  unconformity, 'while  Emmons 
showed  the  contact  of  the  upper  and  lower  rocks  conformable, 
and  Hall  was  disposed  to  take  this  view.  The  figures  priven  by- 
Mather  are  very  rough,  and  the  one  (Geol.  N.  Y.  1st  Distr.,  pL 
"24,  fig.  6)  showing  a  complete  cross-section,  seems  to  be  gener- 
alized on  a  very  theoretic  basis. 

During  a  recent  recess  in  college  work,  I  took  opportunity  to 
visit  this  locality  with  a  party  of  students,  to  see  how  clear  the 
•evidence  might  be  in  favor  of  one  or  the  other  of  the  above 
views,  and  in  two  dayq  spent  on  the  ground  obtained  the  fol- 
lowing results. 

The  formations  occurring  in  this  region  are,  beginning  with 
the  oldest: — 1.  The  so-called  Hudson  Kiver  group:  shales  and 
shaly  sandstones,  with  much  fine  jointing  or  rough  cleavage 
that  might  often  be  well  mistaken  for  bedding;  sometimes 
showing  clear  bedding  as  well,  which  is  then  generally  even, 
though  in  some  outcrops  it  seemed  very  irregular  and  was 
there  flinty  and  indurated.  The  outcrops  were  very  few  com- 
pared with  those  of  the  overlying  limestones,  as  heavy  terraces 
of  stratified  drift  surround  the  base  of  the  hill.  No  fossils  were 
found  in  this  formation,  and  in  using  the  name  '*  Hudson  Biver  *' 
J  simply  take  that  which  is  most  generally  accepted. 

2.  The  Lower  Helderberg  limestones,  consisting  of : — 

Am.  Joub.  8ci.— Thied  Sbbies,  Vol.  XXVT,  No.  166.— Nov.»  1883. 
25 


382  W,  M.  Davis — Becrafts  Mowntam. 

2a.  Tentaculite  limestone,  probably  including  the  Ribbon 
linoestone  and  possibly  some  equivalent  of  the  Water-lime; 
fine,  blue,  even,  thin  beds,  weathering  light-colored  and  smooth. 
A  few  imperfect  Leperditice  were  found  in  it.  Thickness,  twenty 
to  thirty  feet.  No  representative  of  the  Coralline  limestone  was 
noticed  at  the  base  of  this  subdivision. 

2b.  Lower  Pentamerus  limestone;  heavy,  knotted,  gravish- 
blue  beds,  with  irregular  nodules  of  chert.  Fossils  were  not 
common,  but  Pentamerus  galealus  and  Atrypa  reU'cularis  were 
found  at  several  places.     Thickness,  forty  to  fifty  feet 

2c.  Catskill  Shaly  limestone;  deep  blue,  weathering  browa 

and  shaly;  generally  showing  its  many  fossils  as  casts.     Spiri- 

fer  macropleura,  Hemipronites  radiata  and  ^trophomena  rugosa 

being  most  characteristic  among  many  others.     Thickness,  fifty 

to  sixty  feet. 

2d.  Upper  Pentamerus  limestone,  probably  with  representa- 
tives  of  the  Encrinal  or  Scutella  limestone;  a  hard,  gray,  crys- 
talline limestone,  largely  made  of  fragments  of  shells  in  some- 
what even  layers.  Spirifer  inedialis,  OrOiis and  Penta- 
merus pseudogaleaius  are  most  easily  identified.  This  rock  is 
quarried  as  'shell-marble,'  and  is  cut  by  steam  drills  into  large 
blocks  as  much  as  five  by  five  by  twelve  feet ;  it  is  also  burnt 
for  lime,  and  used  in  smelting  iron  ores  at  Hudson.  Thickness, 
forty  to  fifty  f^t. 

8.  Cauda-galli  shales;  barren,  gray,  monotonous  shales,  sel- 
dom showing  any  trace  of  bedding,  but  breaking  on  an  irregular, 
nearly  vertical  cleavage.  No  fossils.  Thickness,  one  hundred 
and  fifty  to  two  hundred  feet.  This  formation  has  not  been 
previously  mentioned  as  occurring  here. 

■i.  Corniferous  limestone;  a  hard,  cherty  limestone  lying  on 
the  Cauda-galli  shales  over  a  small  surface,  and  doubtfully 
referred  to  this  formation.  No  fossils.  Thickness,  ten  to 
fifteen  feet. 

5.  An  unknown  conglomerate  of  limestone  fragments  in  a 
compact  siliceous  matrix.  The  fragments  were  tolerably  well 
rounded,  and  seem  to  correspond  with  the  several  subdivisions 
of  the  Lower  Helderberg.  Only  two  localities  of  this  deposit 
were  found,  both  of  them  outside  of  the  bluffs;  one  making  a 
low  mound  in  the  meadow  at  the  left  end  of  section  I;  the 
other  in  the  irregular  mounds  (F  on  map),  a  quarter  of  a  mile 
south  of  the  southern  limiting  road.  At  neither  point  could 
the  position  of  the  bedding  be  determined,  and  no  conclusion 
was  reached  as  to  the  age  of  the  deposit,  except  that  it  is  appar- 
ently younger  than  the  Helderberg  series  and  certainly  much 
older  than  the  drift.  It  is  apparently  to  this  that  Emmous 
makes  reference  (Agric.  N.  Y.,  i,  1846,  136). 

6.  Drift;  seen  chiefly  in  the  stratified  sands  of  the  terrace 
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at  are  two  or  three  hundred  feet  abave  the  river.  Erratics 
3re  commonly  quartzites  and  granitic  rocks,  often  garnetif- 
ous ;  some  of  these  were  scratched.  None  of  the  ledges  were 
riated,  nor  could  we  expect  to  find  them  so,  as  all  had  been 
ng  exposed  and  were  well  weathered. 

The  position  of  the  several  formations  may  be  described  as 
Hows: — 

The  Hudson  River  strata  have  as  a  rule  a  regular  northerly 
rike  east  of  the  river,  and  are  generally  found  with  a  steep 
isterly  dip;  at  several  points  a  few  miles  to  the  west  and 
)uthwest  they  rise  in  ridges  of  greater  height  than  the  crest  of 
ecraft's  Mountain,  but  on  the  east,  their  surface  is  lower  and 
seldom  exposed  on  the  railroad  between  Hudson  and  Chatham. 
The  limestones  form  a  flat  synclinal,  about  a  mile  and  three- 
uarters  along  the  axis  and  over  a  mile  broad,  with  the  middle 
ne  trending  N.  20*^  E.  (magnetic  bearings  given  in  all  meas- 
res),  and  the  greater  heights  on  the  western  side.  On  the  east, 
nail  subordinate  folds  are  added,  each  one  more  distinct  on 
le  southeast  and  fading  away  to  the  northwest;  and,  when 
iken  together,  showing  an  increase  in  sharpness  toward  the 
)utheastern  border,  where  they  follow  one  another  in  rapid 
accession,  always  with  the  steeper  pitch  of  the  anticlinal  on 
le  west,  and  with  overthrown  dips  at  several  points.  The 
istinctness  of  this  small  imitation  of  Appalachfan  structure  is 
irprising.  Excepting  at  the  northern  and  southern  ends, 
here  the  margin  of  the  limestone  is  somewhat  doubtfully 
iferred,  the  outcrops  always  appear  in  the  form  of  pronounced 
luffs,  rising  on  the  southwest  where  highest  about  two  hundred 
>et  above  the  terrace  plain.  The  Tentaculite  and  Lower  Pen- 
imerus  generally  make  the  outermost  and  strongest  bluff 
)gether;  the  Catskill  shaly  limestone  and  the  Upper  Penta- 
lerus  form  roughly  concentric  ridges  at  variable  distances 
iward  from  the  margin  ;  the  Cauda-galli  shales  make  smooth, 
)und  hills  southward  from  the  middle  of  the  oval  area  within 
le  bluffs.  The  more  complicated  structure  of  the  southeastern 
de  is  not  clearly  revealed  in  its  form,  and  requires  close  obser- 
Btion  of  dip  for  its  determination.  I  am  not  sure  that  there 
aould  not  be  one  more  small  fold  there  than  is  represented  in 
le  sections.  There  is  no  sufficient  evidence  of  faults  such  as 
[ather  shows  on  both  his  sections.  The  axis  of  the  general 
jrnclinal  dips  gently  to  the  south ;  at  its  northern  end  the 
mestones  lie  essentially  horizontal ;  but  at  the  southern,  where 
xposed,  they  are  turned  up  abruptly  so  as  to  stand  on  end 
ith  a  strike  varying  from  W.— E.  to  N.  70°  E.  This  abrupt 
>lding  may  be  torn  into  a  fault  on  part  of  its  length  as  the 
mestone  outcrops  are  wanting  on  much  of  the  distance  where 
ley  should  appear. 
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The  relative  position  of  the  Hudson  River  strata  and  the 
overlying  limestones  is  the  point  of  most  importance  and  inter- 
est, and  the  weight  of  evidence  here  seems  to  be  in  favor  of 
nonconformity,  though  this  relation  is  not  nearly  so  well  shown 
here  as  in  the  remarkable  exposure  in  the  old  cement  quarries 
at  Kondout,  on  the  other  side  of  the  Hudson,  about  thirty  miles 
farther  south. 

The  following  observations  show  what  was  found  at  all  the 
Dutcrops  below  and  in  the  neighborhood  of  the  limestone  bluffs. 

A.  In  a  cut  on  an  old  quarry  railroad,  a  quarter  of  a  mile 
s^est  of  the  limestone  bluffs  (not  included  on  the  map);  shaly 
layers,  strike  N.  25°  E.,  dip  35°  to  E.S.E. 

B  (see  map).  In  another  cut  of  the  same  old  railroad,  directly 
mder  the  western  bluff,  as  the  road  rises  obliquely  along  the 
ilope  to  reach  the  quarries;  shaly  outcrop,  N.  55°  E.,  dip  25° 
o  S.E.  A  few  hundred  feet  farther  up  grade  or  northeast, 
he  cut  shows  the  lower  layers  of  the  Tentaculite  limestone, 
S".  85®  E.,  dip  15°  S.E.  This  variation  of  position  is  not  sig- 
lificant,  for  equallv  great  variations  are  found  in  the  limestone 
tself  in  passing  short  distances  along  the  cliff  face  at  many 
K>ints.  The  cut  here  reveals  a  considerable  depth  of  talus 
ragments,  often  including  large  blocks  that  might  oe  taken  for 
edges  in  place  if  not  fully  exposed,  and  show  how  difficult  it 
i^ould  be  to  find  a  natural  contact  underneath  the  bluffs. 

C.  In  a  little  stream  channel  leading  down  from  a  depression 
n  the  bluffs,  a  few  hundred  feet  south  of  a  glue  factory;  the 
Tentaculite  stands  N.  28°  E.,  dip  16°  E.S.E.,  at  base  of  lirae- 
Jtone  outcrops,  and  about  twenty  feet  from  it  the  shale  appears, 
>ut  unfortunately  shows  nothing  but  cleavage,  N.  26°  E.,  dip 
)0°  E.S.E. ;  however  tempting  it  may  be  to  assume  that  the 
cleavage  and  bedding  coincide,  there  is  not  the  least  evidence 
;hat  they  do.  The  steeply  inclined  splitting  of  the  horizontal 
Dauda-galli  shales  within  the  limestone  synclinal  shows  how 
entirely  untrustworthy  this  appearance  may  be  as  a  guide  to 
;he  position  of  stratification.  On  the  road-side,  about  halfway 
Tom  B  to  C,  the  bedding  was  N.  25°  E.,  dip  80°  E.S.E. 

D.  On  a  mound  on  the  northern  side  of  the  entrance  to  a 
leep  valley  near  the  southwestern  end  of  the  mountain.  The 
imestones  are  here  nearly  horizontal ;  no  contact  is  found,  but 
ibout  forty  feet  down  the  slope  from  the  lowest  visible  layer  of 
;he  Tentaculite,  there  are  numerous  small  outcrops  of  a  very 
meven,  indurated,  flinty  rock,  for  which  no  position  could  be 
letermined  satisfactorily.  Its  irregularity  would,  however, 
ndicate  unconformity.  Similar  small  patches  of  indurated 
ilaty  rock,  from  which  the  bedding  has  aisappeared,  are  found 
lear  the  road  on  the  other  side  of  this  valley. 

E.  At  the  southwestern  end  of  the  mountain,  a  small  opening 
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on  the  foad-side  exposed  the  Teataoalite  with  a  iSnnt  easteihr 
dip  lying  with  smooth  oontaot^  about  ten  fee^  Ipog,  on  htm 
daty  rooks,  in  which  the  i^pearance  of  bedding  was  N*— SL 
dip  60^  £.  The  faoe  of  the  rocks  was  so  weatherad  and  jdoM 
that  it  was  difficult  to  make  sure  that  the  contact  was  a  trsa 
unconformity  and  not  a  slip. 

F.  A  third  of  a  mile  south  of  the  limestones,  sevc^  irregokr 
mounds  (a  few  outcrops  of  the  limestone,  conglomerate  were 
found  on  one  of  them)  rising  among  the  terrace  flats  show  Ae 
same  induratedi  flinty  outcrops  as  were  found  at  D.  Some  bedi 
were  found  standing  K  BS'^  BL,  dip  40''  E.&E^  and  smaller  oat- 
crops  continued  toward  the  limestones,  across  the  creek  tittt 
flows  out  from  the  synclinal  These  seem  to  show  that  Ao 
older  rocks  maintain  a  northerly  strike  where  the  limesUmei 
turn  around  toward  the  east 

0«  A  few  hundred  feet  southeast  of  the  outlier,  the  aaadr 
shales  ri^  in  small  ledges,  with  a  tolerably  well-defined  bel* 
ding,  N.  50"  K,  dip  60^aE.  This  conforms  fairlT  wiA  th^ 
nearest  limestone,  if  we  suppose  it  to  have  an  oirerthrown  d^ 
as  is  not  at  all  improbable 

H.  A  small  cutting  on  the  side  of  the  eastern  road  nnoo?«i 
shales  with  a  faint  east^ly  dipi  About  fifteen  feet  hi^ier  ^ 
the  bank  the  lower  limestones  are  inclined  gently  to  the  val 
The  difference  between  the  two  is  very  smal),  and  is  Mf 
equalled  by  differences  in  the  position  of  adjacent  limestones  a 
little  farther  south,  where  the  folds  are  crowded  together. 

From  this  point,  around  the  rest  of  the  circumference,  no 
outcrops  of  the  older  rocks  were  found,  although  the  whole 
distance  was  carefully  searched. 

The  observations  thus  detailed  may  be  summarized  a8  fol- 
lows: A,  C,  and  G  are  non-committal;  if  necessary  they  could 
agree  with  either  conclusion.  B  and  H,  if  seen  alone,  would 
be  taken  as  decisive  of  conformity.  D,  E  and  F  imply  uncon- 
formity, but  with  nothing  of  the  distinctness  shown  in  Mather's 
section.  It  is  notable  that  these  three  outcrops  show  a  much 
mofe  indurated  and  irregular  rock  than  the  others;  and  one 
could  easily  suppose  them  to  belong  to  a  series  independent  of 
and  unconformably  below  all  the  others,  shaly  sandstones  as 
well  as  limestones.  Indeed,  this  seems  to  be  the  conclusion 
reached  by  Emmons.  He  wrote:  '*  Another  limited  fracture 
appears  on  the  southeastern  side  of  Becraft's  Mountain,  about 
three  miles  southeast  of  Hudson.  On  one  side  the.Taconic 
slate  appears  supporting  a  fragmentary  mass  of  Calciferous 
sandstone ;  on  the  other,  the  inferior  members  of  the  Helder- 
berg  division,  the  thin  bedded  Water-limes  and  Pentamerus, 
beneath  which  are  the  gray  sandstones  of  the  Hudson  river" 
(Agriculture  of  New  York,  i,  1846,  136).    The  evidence  of 
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Buch  a  fracture  is  indistinct,  and  the  identification  of  the  lime- 
stone conglomerate  apparently  at  our  locality  F  with  the  Cal- 
ciferous  is  certainly  hazardous.  Fossils  being  absent  and  out- 
crops few  and  scattered,  it  is  difficult  to  find  observations  that 
shall  compel  a  single  explanation.  Perhaps  further  exploration 
of  the  other  Helderberg  outliers  of  which  Mather  makes  brief 
mention  may  aid  in  solving  the  question. 

A  few  words  may  be  said  concerning  the  accompanying 
sketch -map  and  sections.  They  are  based  on  estimated  dis- 
tances ana  compass  bearings  taken  all  around  the  bluff  out- 
3rops,  and  on  many  zig-zag  section  lines  within  the  limestone 
area.  While  the  drawings  cannot  claim  close  accuracy,  they 
nevertheless  combine  very  successfully  all  the  observations 
made  on  rocks,  roads  and  streams.  The  sections  are  placed 
directly  where  they  belong  on  the  map,  as  more  seems  to  be 
gained  by  showing  them  in  their  true  positions  than  is  lost  by 
breaking  the  continuity  of  the  map  surface.  The  Helderberg 
rocks  are  constructed  in  their  probable  position  underground, 
but  the  Hudson  Eiver  strata  are  shown  only  at  their  outcrops. 
The  part  of  least  accuracy  is  on  the  southeast,  where  the  folds 
produce  more  complexity  than  could  be  unravelled  in  the  time 
we  had  on  the  ground.  As  already  mentioned,  the  strip  of 
limestone  called  *  Corniferous '  is  so  named  only  because  it  is 
cherty  and  lies  on  the  Cauda  galli  shales;  but  the  identification 
is  very  probably  correct.  The  Hudson  branch  of  the  Boston 
and  Albany  railroad  passes  a  little  distance  northeast  of  the 
map,  within  clear  view  of  the  Lower  Pentamerus  bluffa 

The  relations  of  the  Lower  Helderberg  to  the  Hudson  River 
formation  are  somewhat  peculiar  in  connection  with  the  occur- 
rence of  Silurian  non-conformity.  When  the  full  series  of 
Silurian  deposits  is  represented,  the  two  groups  in  question  are 
separated  by  several  intermediate  formations — the  Oneida, 
Medina,  Clinton,  Niagara  (these  four  belonging  to  the  Niagara 
period)  and  the  Salina — which  attain  a  total  maximum  thickness 
of  several  thousand  feet,  and  consequently  imply  the  passage 
of  a  long  interval  of  time.  The  only  part  of  this  interval 
marked  bv  disturbance  is  between  the  Hudson  River  and  the 
Oneida  epochs,  but  this  disturbance  does  not  seem  to  require 
the  absence  of  any  known  part  of  the  series.  The  following 
review  of  contact-localities  will  show  this.  On  the  northern 
face  of  the  Helderberg  Mountains,  the  formations  of  the  Niagara 
and  Salina  periods  are  essentially  wanting,  and  the  Lower  Hel- 
derberg limestones  rest  on  the  Hudson  River  shales,  separated 
only  by  a  few  feet  of  transition  deposits,  all  the  strata  being 
horizontal;  the  junction  here  has  always  been  described  as 
conformable,  in  spite  of  the  long  time  that  passed  without 
deposing  its   record.     Whether  the  actual  contact  has  been 
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observed  or  not  does  not  appear,  nor  has  there  yet  been  givea 
any  satisfactory  explanation  of  what  was  going  on  here  during 
the  long  unrepresented  time.  This  conformity  was  found  also 
near  Catskill  in  the  folded  strata  east  of  the  Catskill  Mountains, 
in  Green  county  (see  my  paper  above  referred  to).  At  Rondout^ 
Ulster  county,  a  fine,  uneven  unconformable  contact  is  clearly 
shown  in  the  old  cement  quarries,  where  the  entire  Niagara 
and  Salina  groups  are  represented  by  only  about  six  feet  of 
limestone;  another  is  noted  at  Otisville,  Jf.  Y.,  near  the  Penn- 
sylvania line,  in  a  cut  on  the  Erie  railroad  (see  Second  Geol. 
Surv.  Penn.,  G  6,  150),  where  the  intermediate  strata  are  seen 
in  some  force  and  the  Oneida  conglomerate  lies  on  the  Hudson 
River  slates.  Farther  southwest,  in  Pennsylvania,  fragments 
of  the  slates  are  found  in  the  Oneida,  and  hence  nonconformity 
is  inferred,  although  the  sudden  variation  of  dip  seen  at  some 
points  on  the  soutlieastern  slope  of  the  Kittaiinny  Mountain 
that  has  heretofore  generally  been  explained  as  a  nonconformity, 
is  now  regarded  by  Professor  Lesley  as  the  effect  of  a  fault  (1.  c). 
In  eastern  Tennessee,  the  Lower  and  Upper  Silurian  are  per- 
fectly conformable,  and  the  scries  of  strata  is  fairly  complete 
before  and  after  the  critical  date.  In  southern  Ohio,  an  uplift 
and  erosion  are  described  as  occurring  at  the  beginning  of 
Upper  Silurian  time;  and  a  similar  but  longer  disturbance  is 
reported  in  western  Tennessee ;  but  in  both  these  localities,  the 
older  and  newer  strata  are  essentially  parallel.  Conformity  and 
nonconformity  are  therefore  quite  independent  of  the  presence 
or  absence  of  certain  members  of  the  series  ;  and  absence  of  the 
upper  members  is  independent  of  distinct  dislocation  of  the 
lower  members.  With  a  tolerably  full  sequence  of  strata  about 
the  time  of  disturbance,  there  is  normal  conformity  in  eastern 
Tennessee,  and  nonconformity  in  southeastern  New  York  and 
northeastern  Pennsylvania;  on  the  other  hand,  there  is  con- 
formity in  the  Helderberg  Mountains,  and  nonconformity  at 
Rondout,  although  the  intermediate  strata  are  essentially  absent 
at  both  these  localities.  Again,  the  strata  are  essentially  hori- 
zontal and  parallel  in  the  Helderbergs,  where  the  series  is 
incomplete  and  undisturbed,  as  well  as  in 'Southern  Ohio,  where 
the  series  is  fuller,  but  where  fragments  of  the  lower  are  found 
in  the  upper  members.  Finully,  the  strata  are  folded  and  con- 
formable with  lapse  of  intermediate  members  at  Catskill ;  folded 
and  unconformable  with  similar  lapse  at  Rondout;  folded,  un- 
conformable and  without  lapse  farther  southwest  Other  exam- 
ples could  be  quoted  from  the  Canada  surveys.  All  combina- 
tions of  these  various  elements  appear,  and  there  is  therefore 
no  necessity  of  supposing  unconformity  at  Becrafc's  Mountain 
simply  because  the  limestones  there  do  not  belong  immediately 
after  the  shales  in  the  geological  series.     Moreover,  the  gener- 
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ally  flat  position  of  the  limestones  and  tilted  position  of  the 
shales  east  of  the  Hudson  does  not  decide  the  question,  for  the 
shales  are  twice  seen  almost  fiat  under  the  limestones  of  the 
outlier,  and  on  the  southeastern  side  the  limestones  are  strongly 
tilted.  The  suggestion  above  that  the  shales  and  slates  are  of 
different  ages  requires  much  further  observation  for  its  proof. 
This  indefiniteness  of  indirect  evidence  is  the  more  unsatisfac- 
tory from  the  incompleteness  of  the  contact  outcrops ;  and  as  it 
is  very  possible  for  an  appearance  of  noriconformity  to  arise  in 
a  series  that  is  all  folded  at  the  same  time,  on  account  of  the 
unequal  folding  of  adjoining  strata  of  different  resistances, 
nothing  but  direct  and  clear  exposure  of  an  uneven  and  surely 
unconformable  contact  will  suffice  finally  to  settle  this  point  in 
the  structure  of  Becraft's  Mountain. 

Cambridge,  April  23,  1883. 


Art.    XLV,  —  The    Nonconformity  at   Bondout,   N.    Y, ;    by 

W.  M.  Davis. 

Descriptioii  of  the  formatioDS  occurring  here— Upper  Silurian  unconformable  on 
the  Lower — Altitude  of  the  rocks  and  local  topography— Glacial  and  Hurface 
geology. 

The  referehce  made  in  the  preceding  article  on  Becraft's 
Mountain  to  the  clear  evidence  of  the  unconformable  relation 
of  the  Upper  and  Lower  Silurian  rocks  at  Bondout  on  the 
Hudson  suggests  the  publication  of  a  more  detailed  illustra- 
tion of  this  noted  locality  than  has  yet  appeared.  The  accom- 
panying map  and  sections  are  prepared  with  this  object  from 
notes  taken  during  an  excursion  in  April  of  this  year,  and 
with  a  short  descriptive  text  these  may  serve  as  a  supplement 
to  the  earlier  papers  by  Lindsley*  and  Dalcf 

The  formations  occurring  here  are  in  most  respects  like  those 
at  Becraft's  Mountain  and  in  the  limestone  belt  west  of  Cats- 
kill,  which  I  have  already  described;:!:  the  following  notes 
will  point  out  their  local  peculiarities.  The  Hudson  River 
rocks  are  sometimes  heavy-bedded  sandstones  of  rather  fine 
texture  and  considerable  hardness,  as  in  Huzzy's  Hill,  a  ridge 
of  several  hundred  feet  elevation  two  miles  south  of  Rondout; 
and  sometimes  shaly  and  much  contorted,  as  along  the  banks 
of  the  stream  at  Eddyville.  They  occupy  all  the  area  east  of 
Rondout  Creek,  with  small  exception,  but  are  generally  hidden 
under  terrace  rift.     The  Oneida  conglomerate  is  represented 

♦Poughkeepsie  Soc.  Nat  Sci.  Proc.,  ii,  1879,  44-48. 

f  This  Journal,  zyiii,  1879,  293-295.    Dale's  figures  belong  near  section  II  oa 
our  map. 

X 1.  c,  and  Bull  Mus.  Comp.  ZooL,  Geol  Series,  i,  1883,  311-329. 
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by  a  stratum  of  alioost  (juartflsitio  texture,  white  or  bluish  m 
•color,  and  fifteeu  to  twen^  feet  thick.  Tbt0  most  northesstm 
point  where  it  was  certaiqljr  recognized  was  in  New  Salem  n 
the  beginning  of  the  horBe*railroad  leading  to  the  cement  quar- 
ries in  Whiteport ;  thence  sonthwestward  it  may  be  frequeoUr 
seen  at  the  foot  ci  the  limestone  blufE|  a  hard,  compact  lima 
-q^nartzose  rock.  At  the  foot  of  the  map,  where  the  limesUme 
ndge  breaks  down,  it  is  white,  and  so  appears  ag^n  about  tvo 

.  ^les  west  in  the  fine  antidinal  neur  Wbitwort  where  ti^ 
Water-lime  has  been  deeply  quarried.  It  holds  no  pebbles  (ht 
foesijb  here  and  is  not  yet  thick  enough  to  have  a  noticeibla 
•effect  on  the  topography. 

The  first  of  the  limestones  is  seen  in  the  quarry  on  the  bill 
overlooking  Bondout  (Section  IK  where  it  reels  directlyoD 
the  Hudson  Biver  rocks,  as  will  be  ftirther  mentiqned  beW. 
As  measured  by  Mr.  J.  G.  Lindsley,  superintendent  of  the 
Kewark  Lime  and  Cement  Ckx,  it  is  six  to  eight  feet  thick,  and 
from  its  abundance  of  corals  it  is  considered  ihe  equivskntd 
the  Coralline  limestone  of  Schoharie,  the  thin  esstem  extea- 
^on  of  the  Niagara  of  Western  New  York.* 

The  Water-lime  and  Tentaculite,  to  which  Lindsley  nidds  the 
Btromatopora  and  Bibbon  limestones,  have  a  total  thickness  of 

^  seventy  feet    The  layers  are  generally  smooth  and  even,  espe 

*  -cially  m  the  upper  part  and  are  readily  recogniz^,  but  fossb 
are  not  common.  The  lower  beds  are  deeply  quarried  at 
numerous  points  in  this  neighborhood  for  cement-rock,  of 
which  a  great  (quantity  is  burned,  ground,  barreled  and  shipped. 
The  annual  yield  has  in  the  past  few  years  risen  to  2,000,000 
barrels,  valued  at  about  a  dollar  a  barrel.  The  openings  thus 
made  give  excellent  views  of  the  deep  plunging  of  the  strata 
into  the  earth,  especially  at  the  Whiteport  anticlinal  above  re- 
ferred to.     At  Catskill  twenty-five  miles  north  of  Bondout  the 

.  Tock  is  not  found  adapted  for  hydraulic  cement ;  and  though 
therefore  not  economically  a  water-lime,  I  am  confident  that  it 
is  geologically  the  Water-lima  The  Lower  and  Upper  Penta- 
merus  limestones,  about  thirty  and  forty  feet  thick  respectively, 
generally  retain  the  characters  seen  at  Catskill  and  Becraft's 
Mountain  ;  the  Lower  being  heavy,  uneven,  cherty,  with  com- 
paratively few  fossils  ;  the  Upper  being  also  heavy  and  some- 
what uneven  bedded,  but  rich  in  fossils  and  free  from  cberl 
These  are  separated  by  the  Catskill  shaly  limestone,  about  sixty 
feet  thick  (Lindsley  gives  it  only  sixteen,  which  seems  much 
too  little),  and  overlaid  by  a  similar  formation,  certainly  over 
one  hundred  feet  thick  and  probably  as  much  as  one  hundred 
and  fifty.  These  I  have  mapped  as  the  Lower  and  Upoer 
Shaly  limestones  ;  they  are  generally  very  impure,  and  haraly 

*  See  J.  Hall,  PaL  N.  Y.,  iii,  26,  and  Amer.  Aasoa  Proo.,  xzii,  1873,  321. 
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deserve  the  name  of  limestones  ;  their  outcrop  is  very  ragged 
and  the  Upper  Shaly  sometimea  weathers  on  cleavage  instead 

of    on   bedding   planes, 

giving  a  very  deceptive 
appearance  (as  on  the 
southwestern  synclinal 
ridge) ;  in  spite  of  its 
shaly  texture,  it  stands 
higher  than  the  limestone 
below  it.  Fossils  are 
not  nearly  so  numerous 
as  in  the  Shaly  limestone 
at  Catskill  ;  but  it  is 
interesting  to  note  that 
several  characteristic 
species  {Sptrifer  macro- 
pleura,  ihrophomena  ru- 
gosa,  BemipTOvites  radi- 
ata)  common  to  both  tlie 
Lower  and  Upper  Shaly  : 
beds  are  absent  or  very 
rare  in  the  intermediate 
Upper  Pentainerus,  and 
thus  seem  to  confirm  the 
supposition  that  both 
these  shaly  deposits  were 
formed  comparatively 
near  the  old  shore  line, 
which  retreated  eastward 
carrying  its  fauna  along 
with  it  and  so  allowed 
the  pure  Upper  Penta- 
merus  limestone  to  form, 
and  then  came  back 
again  with  its  fauna  un- 
changed, driving  the 
deposition  of  pure  lime- 
stone away  to  the  west. 
The  Upper  Pentamerus 
is  often  deeply  quarried 
for  lime,  as  at  the  several 
points  where  Sections  I, 
11  and  III  cross  it.  The 
passage  from  one  to  the 
other  of  the  above  sab- 
divisions  of  the  Lower 
Helderbei;g  limestones  is  comparatively  gradual ;  but  an  abrupt 
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obange  at  the  top  brings  in  tiiD  OrukBny  noditonA  uaApilt, 
tiboat  tvEinty  una  thirty  feet  tbiek,  bat  variftble;  Tli«  annt 
member  ia  sometimes  absent,  bat  wben  Been  it  oooaists  of  mm 
Tbite  quarts,  aometimes  dense,  sometiiDeB  rather  looaelj  Mill 
of  sobangolar  white  pebbles  ap  to  one-thinl  of-  an  iixdi  ii 
diameter,  without  foail&  Tbia  is  followed  bv  a  bard  fit 
with  oasts  of  oumeroos  fossils,  among  whiob  Spin^  grmm 
was  most  freqaenUy  found.  As  osoal,  the  stone  leooes  pn  ' 
the  best  oolleoting  ground ;  for  example  on  tbo  ridge  oOTtiMut 
of  the  West  Shore  bridve  aorow  Uie  Bondoat,  and  on  tb» 
aonthwestem  sjnolinaL    Aoove  ttiis,  we  find  the  barren  Oavdi- 

fklli  shales,  lifeless  bat  for  the  oeoasiona]  sCarweed  impriati; 
ne  teztared  and  generally  with  the  beddtngr  ocMnpletwr  n- 
plaoed  by  the  ohAraoteristio  at«ep  cleavage  planei  h»  taidc- 
oesB  is  very  probably  three  hondred  feet  or  mor&  A  &w 
azpoaare  oi  Uiese  shales  is  fonnd  in  a  bold  synclinal  UilF 
advancing  toward  the  creek  between  Bondoat  and  Wilbur;, 
from  here  to  the  railroad  bridge,  a  good  downward  seqouoBof 
formations  ia  exposed.  The  ComiwronB  limsstone,  reoogmaad 
only  by  its  fine  texture,  plentifal  chfft,  and  positioo,  oorapletea 
thesenea 

The  interraptions  in  the  seqnenoe  of  formations  at  Bondoat 
are  of  two  kinda  One,  ^at  may  be  oalled  passive,  oonostel 
sasentially  in  withholding  the  supply  of  sedimentary  matnu^ 
so  that  certain  epochs  were  left  anrepresentod :  thas  the 
Medina,  Clinton  and  Schoharie  depoeite  are  completely  want- 
ing, and  ihe  Oneida  and  Niagara  are  almost  absent.  The  other 
interruption  came  between  the  deposition  of  the  Hudson  Rtrer 
and  the  CoralJiDe  OT 
Oneidfl  strata  and  vu 
ofamuchmoreactiTS 
character ;  the  Hod- 
son  River  rocka  were 
upheaved,exposedb) 
ertwive  forces,  pre- 
sumably of  theordi- 
^1  nary  subaerial  kiod, 
'if  and  then  submerged 
'  "  to  receive  the  later 
formations  on  their 
worn  edgea  This 
is  most  excellent!j 
shown  in  the  old 
WW  "'■      quarry  in    the  hill 

^  overlooking    Eond- 

out  (at  Section  II)  where  the  contact  line  has  been  perfecily 
exposed  for  ten  feet  or  more    a  fair  mference  of  nonoonformi^ 
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can  be  made  at  several  other  points  along  the  slope.    The  rocks 
on  the  western  side  of  the  limestone  outlier,  opposite  Wilbur,  also 
give  good  evidence  of  non-conformity,  but  we  found  no  contact 
there.     This  locality  is  described  and  figured  by  Mather.     The 
irregularity  of  the  contact  in  the  Rondout  quarry  completely  ex- 
cludes the  possibility  of  the  disagreement  of  dips  in  the  over- 
and  underlying  formations  being  due  to  a  fault,  at  least  at  this 
point,  for  as  i»hown  in  figure  1,  the  limestone  fits  closely  into 
channels  worn  along  the  strike  of  the  softer  sandstone  beds, 
and  the  two  rocks  are  so  firmly  consolidated  that  hand  speci- 
mens can  be  easily  obtained  showing  the  line  of  junction. 
It  is  noteworthy  that  the  limestone  begins  immediately  with  its 
fully   determined  calcareous  character:    there  is  no  band   of 
transitional  composition  ;  no  fragments  of   the  sandstone  are 
contained  in  the  overlying  rock.     The  old  worn  surface  was 
swept  clean  before  the  corals  and  crinoids  began  growing  upon 
it,  and  their  fragments  and  grindings  make  the  first  deposit. 
Some  little  pieces  of  crinoid  stems  lie  directly  on  the  bare  sand- 
stones.    From  the  absence  of  the  Oneida  sandstone  here,  it 
may  be  inferred  that  the  Hudson  River  rocks  remained  out  of 
the  Paleozoic  ocean  longer  at  this  point  than  they  did  two  miles 
to  the  southwest  of  it,  where  the  earlier  Upper  Silurian  strata 
lie  directly  upon  the  Lower  Silurian  beds.     At  the  end  of  the 
quarry-railroad  in  Eddyville,  already  mentioned,  a  contact  is 
opened  for  nearly  one  hundred  feet,  but  unlike  the  one  at 
Kondout,  it  is  even,  and  the  rocks  agree  in  strike  if  not  in  dip. 
It  is  therefore  probable  that  this  contact  is  not  the  original  one, 
but  has  been  produced  by  faulting  or  slipping  when  the  rocks 
were  folded,    ^he  possibility  of  such  slipping  is  well  shown  in 
the  deep  quarry  (Newark  Lime  and  Cement  Company)  a  little 
south  of  Section  I^  where  the  Water-lime  is  folded  and  slipped 
so  as  to  be  apparently  unconformable  to  itself.     The  proba- 
bility of  such  an  occurrence  at  Eddyville  may  be  inferrea  from 
the  sharp  folding  that  occurs  all  along  the  front  of  the  lime- 
stone blufi^s.     On  the  other  hand,  it  is  also  probable  that,  if  an 
original  contact  could  be  seen,  it  would  be  truly  unconformable, 
for  this  relation  occurs  on  both  sides  of  it ;  at  Rondout  on  the 
northeast,  and  at  Otisville  on  the  Erie  railway,*  some  forty 
miles  southwest     At  some  later  date,  presumably  contempo- 
raneous with  the  great  Appalachian   disturbance,  the  entire 
series  of  rocks  described  above  were  folded  and  dislocated. 
The  most  pronounced  effects  of  this  deformation  are  now  seen 
along  the  bluffs  of  Lower  Helderberg  limestones.     Beginning 
at   the  northeast  near  the  Hudson,  the  rocks  either  stand  on 
^nd  or  dip  strongly  to  the  west;  they  fall  to  a  less  angle  on 
approaching  Rondout  and  then  are  for  a  time  more  or  less  hid- 

♦  GeoL  New  Jersey,  1868,  135.    Second  Geol.  Surv.  Penn.,  G  6,  150. 
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den  in  passing  through  the  town.  Crossing  the  creek,  they 
build  the  limestone  outlier,  a  flat  synclinal  with  steep  or  ver- 
tical dips  on  the  eastern  side,  and  then  cross  the  stream  again 
by  the  railroad  bridge  and  plunge  underground  at  a  high  angle. 
The  anticlinal  half  of  this  S-shaped  curve  is  not  a  simple  turn, 
but  is  complicated  by  a  small  additional  fold  where  the  stream 
crosses  Section  III,  as  is  shown  on  a  larger  scale  in  figure^2. 


Fig.  2. 

From  here,  up  the  valley,  the  strike  is  very  uniform,  and  the 
bluff-front  very  even.  Sections  carried  across  it  at  several 
points  showed  a  well-marked  synclinal  structure  bounded  on 
the  northwest  by  a  down-fault  of  moderate  throw.  In  con- 
formity with  what  seems  to  be  **  normal"  for  the  Appalachians, 
this  fault  is  drawn  with  the  upthrow  overlying  the  nade.  By 
following  along  the  axis  of  this  synclinal  ffom  Wilbur,  one 
passes  over  seven  different  subdivisions  of  the  Upper  Silurian 
that  successively  come  to  an  end  in  the  rising  trough. 

This  detailed  statement  of  the  altitude  of  the  rocks  seems 
necessary  in  order  to  contradict  the  supposition  not  unfrequently 
made  some  years  ago  that  a  *' great  fracture"  passed  along  the 
Hudson  valley  between  the  older  and  newer  rocks.  Apart  from 
the  folds  and  local  faults  of  small  throw  there  is  no  evidence 
whatever  of  any  great  disturbance,  and  the  great  fracture  is 
purely  hypothetical.  The  Oneida  and  Medina  lose  the  moun- 
tain-making strength  they  possess  in  Pennsylvania  because  they 
thin  out,  not  because  they  are  cut  off.  The  Cauda-galli  shales 
cover  a  broad  hilly  surface  back  of  the  limestones,  and  in  the 
northern  part  of  the  district  examined  they  are  overlaid  by  the 
Coriiiferous  limestone.  Tlie  blank  area  on  the  map  where  the 
three  railroads  meet  is  a  Corniferous  synclinal  possibly  hold- 
ing some  Marcellus  shale,  but  filled  with  the  drift  sand  and 
cla}''  on  which  Kingston  is  built:  Esopus  Creek  enters  this 
plain  from  the  west  and  follows  it  for  some  miles  northward; 
and  farther  on,  the  arch  (or  fault)  which  forms  the  western  side 
of  the  synclinal,  disappears,  and  the  Corniferous  and  Marcellus 
trough  is  continued  as  a  Marcellus  monoclinai  valley,  occupied 
by  the  Kaatei'skill  on  its  northward  course  and  crossed  by  the 
Catskill  at  Leeds.^ 

Glacial  striae  were  observed  at  several  places  with  a  direction 

♦See  papers  by  the  author  iu  Appalachia,   iii,    1882,  20;  and  Bull.  Museum 
Comp.  ZooL,  Geol.  Series,  i,  1883,  328. 
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S.  15®  to  25®  W.  Unstratified  drift,  striated  loose  stones  and  er- 
ratics are  uncommon  ;  the  most  notable  of  the  latter  was  found 
on  the  line  of  the  West  Shore  railroad  about  one  mile  below  the 
creek ;  it  was  a  broken  bowlder  of  a  dense  conglomerate  in 
which  the  subangular  pebbles  were  of  jasper  and  quartzite. 

Terrace  flats  cover  most  of  the  exposures  at  low  levels,  ex- 
cept where  the  creeks  have  washed  them  clean.  In  cutting  out 
its  path  since  the  time  of  high  water  level  whien  its  old  valley 
was  much  obstructed  by  sands,  the  Rondout  has  very  clearly 
formed  a  new  channel  in  the  contorted  Hudson  River  shales  at 
Eddy  ville,  the  old  channel  being  nearer  the  limestones.  There 
is  some  appearance  of  another  old  channel  south  of  the  lime- 
stone outlier  opposite  Wilbur,  but  the  present  valley  there  i& 
rather  large  for  post-glacial  cutting  at  so  low  a  level. 

The  points  of  special  interest  that  may  be  seen  in  one  or 
two  days'  visit  to  Rondout  are  :  first,  the  limestone  bluffs  and 
their  deep  quarries  along  the  river,  especially  the  quarry  near 
the  town  showing  the  unconformity ;  second,  the  complication 
of  synclinal  and  anticlinal  on  the  line  of  the  West  Shore  rail- 
road ;  third,  the  new  channel  at  Eddy  ville  and  the  limestone 
synclinal  opposite  to  it  A  large  quarry  is  opened  on  the  river 
"bluff  a  mile  north  of  the  map,  and  several  others  in  a  very 
interesting  region  between  Whiteport  and  Rosendale  south- 
west of  our  limits.  Two  railroads  and  the  river  boats  afford 
easy  access  to  the  town ;  local  tags  are  constantly  running  up 
and  down  the  creek  between  Rondout  and  Eddy  ville ;  and  the 
Wallkill  Valley  railroad  serves  for  longer  excursions. 

Cambridge.  May,  1883. 


Abt.  XLVL — Notice  of  Agricultural^  Botanical  and  Chemical 
Results  of  Experiments  on  the  Mixed  Herbage  of  Permanent 
Meadow^  conducted  for  more  than  twenty  years  in  succession  on 
the  same  land;  by  D.  P.  Penhallow.  Phil.  Trans.  Roy. 
Soc.,  Part  IV,  1882.     4to. 

In  1880,  Messrs.  Lawes,  Gilbert  and  Masters  issued  their 
report  upon  the  first  part  of  this  valuable  series  of  experiments 
Under  the  head  of  "The  Agricultural  Results.*'  Part  II,  now 
before  us,  embraces  the  "Botanical  Results"  and  forms  a 
voluminous  publication  of  some  232  quarto  pages,  containing 
many  carefully  prepared  and  very  detailed  tables,  showing  the 
Insults  obtained.  The  entire  volume  will  well  repay  careful 
study,  and  even  a  hasty  glance  is  sure  to  impress  one,  not  only 
^ith  the  vast  amount  of  time  and  care  required  to  obtain  and 
^ork  op  such  results,  but  also  with  the  necessity  for  giving 
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ample  time  to  such  work  in  order  to  avoid  too  hasty  general- 
izations,— an  error  which  is  quite  too  liable  to  occur  in  this 
country  at  the  present  time,  but  which  Messrs.  Lawes  and 
Gilbert,  with  characteristic  caution,  have  avoided. 

The  experiments  were  commenced  in  1866  upon  thirteen 
plots  of  land,  a  number  subsequently  increased  to  a  total  of 
twenty-two.  These  plots  were  studied  without  manure,  and 
under  treatment  with  mineral  and  organic  manures  varying 
both  in  quantity  and  composition.  "In  the  first  years  of  the 
experiments  it  was  observed^  that  those  manures  which  are  the 
most  effective  with  wheat,  barley  or  oats  grown  on  arable  land 
— that  is  with  gramineous  species  grown  separately — were  ako 
the  most  eflfective  in  bringing  forward  the  grasses  proper  in  the 
mixed  herbage.  Again,  those  manures  which  were  the  most 
beneficial  to  beans  or  clover,  the  most  developed  the  legumin- 
ous species  of  the  mixed  herbage,  and  vice  versa,  it  was 
further  observed  that  there  was  great  variation  in  the  predomi- 
nance of  individual  species  among  the  grasses  and  also  among 
the  representatives  of  other  orders." 

**  Indeed,  in  the  second  year,  1867,  the  diflTerences  in  the  flora 
were  so  marked,  that  a  first  attempt  was  then  made  to  separate 
and  determine  the  proportion  of  each  separate  species,  in  care- 
fully averaged  and  weighed  samples  taken  from  several  of  the 
plots  at  the  time  the  crops  were  cut.  ...  In  these  early 
trials  the  samples  were  separated  into :  1.  Gramineous  herb- 
age, stems  bearing  flower  or  seed;  2.  Gramineous  herbage, 
detached  leaves  and  indeterminate  stems;  3.  Leguminous  herb- 
age ;  4.  Miscellaneous  herbage,"  but  these  were  afterwards  re- 
duced to  three  classes  by  combining  the  gramineous  in  one. 
"In  all  only  eleven  grasses,  three  leguminous  plants  and  nine 
plants  of  other  orders  were  then  identified  in  the  samples, 
though  undoubtedly  many  more  were  present ;  and  under  the 
head  oF  '  Gramineous  herbage,  detached  leaves  and  indeter- 
minate stems,'  in  one  case  as  little  as  fifteen  per  cent,  and  in 
another  more  than  fifty-three  per  cent  of  the  total  was  recorded. 
This  result  at  once  illustrates  both  the  difficulty  of  the  work 
and  the  great  diff'erence  in  the  character  of  growth  on  the 
difierent  plots." 

*'From  year  to  year  the  plots  became  more  and  more  charac- 
teristic, and  in  the  seventh  season,  1862,  it  was  decided  to 
undertake  much  more  complete  botanical  separations."  For 
this  purpose  a  botanical  assistant  was  employed  to  take  charge 
of  the  work,  but  "on  each  occasion,  whether  of  more  complete 
or  of  only  partial  separation,  from  three  to  six  boys  have  also 
been  occupied  in  the  work." 

The  samples  were  taken  by  a  collector  who  followed  directly 
after  the  mowers  until  the  whole  plot  had  been  cut     Each  col- 
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H2tion  thus  made  was  well  mixed  on  a  cloth  to  prevent  damage 
ad  loss,  and  from  such  a  lot  an  average  sample  weighing  from 
JD  to  twenty  pounds  was  selected  for  final  botanical  analysis 
'be  sample  was  weighed  without  delay  and  then  spread  out  to 
ry,  after  which  it  was  put  away  for  future  examination.  "In 
le  conduct  of  the  separations,  each  worker  had  a  small  hand- 
il  of  the  mixBd  herbage  placed  before  him,,  which  he  separated 
ito  its  various  component  species  as  far  as  he  was  able.  From 
me  to  time  the  superintendent  revised  each  of  the  so  separated 
ortions.  But  there  always  remained  an  undetermined  residue, 
'hich  varied  in  amount  exceedingly,  according  as  the  herbage 
'as  simple  or  complex,  stemmy  or  leafy,  mature  or  immature, 
nd  so  on.  These  at  first  undetermined  residues,  after  some 
eduction  in  the  hands  of  the  superintendent,  were  next  sepa- 
ated  into  portions  of  different  character  by  means  of  coarse 
ieves  of  various  gauges,  by  which  the  examination  and  the 
ientlfication  of  the  various  components  were  much  facilitated. 
>till  .  .  .  the  amount  of  finally  undetermined  residue  varied 
ery  considerably  according  to  the  description  and  the  character 
►f  development  of  the  herbage." 

The  details  of  observation  were  most  carefully  planned  and 
horoughly  carried  out,  and  were  of  such  a  nature  as  to  cover 
he  ground  very  fully.  In  the  botanical  separations,  however, 
he  feet  that  there  always  remained  an  unaetermined  residue 
?ould  seem  to  imply  that  another  method  than  the  one  era- 
)loyed  might  have  given  more  accurate  results.  Doubtless, 
Messrs.  Lawes  and  Gilbert  had  their  own  good  reasons  for  the 
ipecial  course  pursued,  though  they  do  not  appear,  but  if  the 
veighed  samples  had  been  separated  while  yet  fresh,  the  exact 
letermination  of  the  species  could  then  have  been  made  at  any 
uture  time,  with  certainty  of  avoiding,  very  largely  at  least,  an 
mdesirable  element  of  error.  Under  such  a  course,  there  would 
lave  been  little  or  no  breakage ;  the  species  could  have  been 
nore  readily  identified  by  unscientific  assistants;  the  work 
lould  have  been  accomplished  with  greater  ease  and  rapidity, 
md  the  undetermined  residue  would  then  have  become  very 
mall,  or  have  quite  disappeared.  Again,  in  comparing  the 
)roduction  of  the  plots  with  the  character  of  the  seasons,  suffi- 
jient  importance  does  not  seem  to  have  been  attached  to  local 
neteorological  conditions  as  determined  in  the  immediate 
ricinity  of  the  experimental  fields.  In  the  tables  given,  the 
Bin-fall  is  that  recorded  at  Bothamstead,  while  the  tempera- 
ores  are  all  given  as  determined  at  Greenwich,  and  therefore 
lot  applicable  in  more  than  a  very  general  sense.  As  has  been 
ihown  on  previous  occasions,  too  much  care  cannot  be  taken  in 
lecuring  a  local  meteorological  record  in  immediate  connection 

Am.  Joub.  Soi.— Thibd  Sbubs,  Vol.  XXVI,  No.  165.— Nov.,  1888. 
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with  experitnents,  where  exact  considerations  of  the  infloence 
of  season  are*  concerned. 

It  is  interesting  to  note  that,  as  the  vegetation  advanced 
under  the  influence  of  cultivation,  the  plants  found  on  the  plots 
came  to  represent  a  total  of  22  orders,  63  genera  and  89  species. 
The  most  numerous  were  naturally  Oraminece,  of  which  there 
were  22  species.      Next  in  order  were  Compasiice,  18  species, 
followed  by  an  almost  equal  namber  (10)  of  leguminous  plants. 
In  the  miscellaneous  orders  the  numbers  ranged  from  six  to  one 
species  each.     As  the  authors  remark,  however,  these  figures 
do  '*  not  give  any  idea  of  the  degree  of  predominance  or  of  the 
absolute  quantities  of  any  particular  species,  or  of  the  number 
of  species  on  any  individual  plot." 

Further  general  discussions  deal  with  the  "  Antagonisms  be- 
tween plants;"  the  " Organisation  by  means  of  which  they 
maintain  or  improve  their  position,  or  succumb  in  competition 
with  others  ;"  "  Hostile  competition,"  and  other  important  con- 
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^iderations  in  connection  with  wliich  the  valuable  observations 


n 


of  Hoffmann,  Na^geli.  Saclis,  Xobbcand  Darwin  are  cited.    In- 


W.  L.  St&oena — Physiological  Optica.  399 

teresting  facts  are  also  developed  as  to  the  relation  of  special 
fertility  to  predominance  of  certain  species  as  determined  by 
their  particular  habit  of  growth ;  e.  g.  whether  deep  or  shallow 
rootea,  etc.,  as  well  as  many  other  details  which  can  only  be 
well  appreciated  by  a  careful  study  of  the  pages. 

The  most  valuable  results  obtained  are  those  which  show  the 
influence  of  different  fertilizers  upon  the  character  of  the  vege- 
tation and  the  total  produce,  since  they  give  us  a  certain  clue, 
Tcciprocally,  to  the  character  and  fertility  of  the  soil  as  indi- 
cated by  the  vegetation  produced  thereon,  considerations  which 
are  of  importance  at  the  present  time  in  view  of  the  eflForts 
being  made  to  reclaim  marsh  lands  and  other  areas  now  of  little 
or  no  agricultural  value.  A  close  inspection  of  the  tables 
given  will  be  necessary  to  discover  the  interesting  relations 
there  shown,  especially  where  the  particular  species  is  influ- 
enced, but  the  general  results  may  be  shown  in  the  preceding 
tabular  abstract  which  gives  the  means  of  the  results  in  pounds 

J>er  acre,  for  the  years  from  1862  to  1877  inclusive,  as  obtained 
rom  the  various  plots  under  different  manurial  treatment. 


Art.  XL VII. — Mr.    Backhouse's  Observations  on  Physiological 

Optics ;  by  W.  LkConte  Stevens. 

In  the  Introduction  to  Helmholtz*s  Physiological  Optics,  the 
author  states  that  he  was  often  obliged  to  desist  from  his  experi- 
ments on  account  of  the  distressing  pain  caused  by  them.  The 
number  of  persons  who  are  willing  to  meet  the  strain  implied 
in  a  continued  series  of  experiments  with  their  eyes  is  at  best 
small ;  and  therefore  I  have  read  with  some  satisfaction  the 
criticism  on  my  work,  which  has  recently  been  made  by  Mr. 
T.  W.  Backhouse,  of  Sunderland,  England. 

To  use  the  eyes  satisfactorily  as  instruments  of  research 
requires  much  practice,  and  Mr.  Backhouse's  admissions  show 
that  he  has  been  laboring  under  some  disadvantages.  My  own  * 
series  of  papers  represented  a  succession  of  steps  in  a  prolonged 
investigation,  during  which  slight  modifications  had  to  be  made 
regarding  the  relative  importance  at  first  attached  to  some  of 
the  elements  which  enter  into  our  visual  judgments.  Mr.  Back- 
house disputes  the  efficacy  of  some  of  my  explanations,  but  in 
opposition  to  them  I  do  not  find  in  his  paper  the  record  of  any 
experiments  that  can  be  advanced  as  positive  evidence  in  favor 
of  any  other  explanations.  He  defends  Brewster's  geometric 
theory  of  binocular  vision,  but  apparently  without  close  examin- 
ation of  Brewster's  own  presentation  of  this.     If  the  theory  of 
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visual  triangulation  be  admitted  in  any  mathematical  sense,  vis* 
ion  by  optic  divergence  is  an  impossibility,  yet  Mr.  Backhouse 
admits  my  attainment  of  distinct  binocular  vision  by  optic  di- 
vergence.   Brewster  elaborated  his  theory  as  so  much  pure  geo- 
metry,* made  no  allowance  for  divergence  of  visual  lines,  and 
gave  no  indication  that  he  suspected  its  possibility.     He  repre- 
sented visual  judgments  as  determined  by  the  geometric  relation 
between  certain  intersecting  lines,  saying  "the  line  of  visible 
direction  does  not  depend  on  the  direction  of  the  ray,  but  is 
perpendicular  to   the   retina,"f   and   that  *' distinct   vision  is 
obtained  only  on  one  point  of  the  retina. ":|:     My  experiments 
have  proven  that  geometry  has  to  be  thrown  out  of  considera- 
tion in  this  connection,  and  that  the  term  "  visual  triangula- 
lation  "  is  merely  a  misleading  analogy.     Mr.  Backhouse  does 
not  deny  the  attainment  of  stereoscopy  with  optic  divergence, 
but  yet  says  "Brewster's  theory  is  not  contradicted  by  the 
experiments.''     Optic  convergence  accompanies  most  cases  of 
binocular  vision  ;  but  accompaniment  and  cause  are  not  neces- 
sarily identical.     The  determination  of  locality  by  lines  leaves 
no  room  for  play  of  judgment  '  1  have  never  underrated  the 
importance  of  optic  convergence  as  one  of  a  number  of  elements 
that  serve  as  data  in  the  unconscious  formation  of  visual  judg- 
ments; but  the  intersection  of  imaginary  lines  may  be  safely 
discarded.     Associated  muscular  action  is  an  important  element, 
but  very  far  from  sufficient  by  itself.     Rapid  and  unconscious 
play  of  the  eyes,  as  noted   by  Professor  LeConte,  is  another 
important  element  in  many  cases,  but  by  no   means  wholly 
Sufficient,   as   is    proven   by  my   binocular   experiments  with 
spectral  images.     Regarding  the  metaphysics  of  corresponding 
retinal  points  discussion  would  probably  be  useless.     I  have 
repeatedly  insisted  upon  the  correspondence  of  certain  retinal 
parts,  but  denied  the  strict  mathematical  interpretation  of  this 
given  by  Brewster.     I  can  regard  it  only  from  the  standpoint 
of    evolution,    as    a   product    of    experience,    individual  anJ 
ancestral. 

Mr.  Backhouse  on  p.  806  restates  my  threefold  division  of 
the  elements  of  physiological  perspective,  including  that  of 
focal  adjustment,  and  refers  in  a  foot-note  to  my  enumeration  i 
of  the  elements  that  are  not  physiological,  but  says  that  in  the 
latter  list  ''focal  adjustment  is  somehow  omitted."  Since  this 
element  is  exclusively  physiological,  the  criticism  is  correct  but 
perhaps  unnecessary. 

In  his  observations  on  the  **  phantom  wall,"  the  curvature  of 
which  was  noticed  but  not  explained  by  Brewster,  Mr.  Back- 
house shows  that  his  negative  results  are  due  to  the  insufficient 

♦  See  Edinburgh  Transactions,  vol.  xv,  Part  III,  p.  360. 
f  Brewster  on  Optics,  p.  246.  J  Ibidem,  p.  60. 
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muscular  power  of  his  eyea  All  strain  is  removed  by  resorting 
to  the  device  described  in  my  paper  on  that  subject  He  is 
mistaken  in  supposing  that  this  involves  any  change  of  the 
conditions  necessary  for  producing  the  appearance  of  curvature. 
The  effect  has  been  attained  by  many  persons,  including  a 
number  of  well-known  men  of  science. 

In  regar(^  to  the  combination  of  points  differing  in  retinal 
latitude,  the  only  appeal  is  to  experiment.  My  observations 
cori'oborate  those  of  Professor  Rogers  and  of  Helmholtz.  The 
nature  of  the  experiment  seems  to  have  been  misapprehended 
by  Mr.  Backhouse.  It  invalidates  the  theory  of  corresponding 
points,  if  any  mathematical  significance  is  to  be  attached  to  this 
theory. 

My  statements  regarding  stereographs  of  the  sun  and  moon 
do  not  convey  any  exaggerated  idea  of  the  facts.  By  taking 
advantage  of  the  sun's  rotation  and  the  moon's  libration  such 
stereographs  have  been  obtained,  and  the  binocular  effects 
mentioned  by  me  have  been  observed.  My  own  examination 
of  stei'eographs  of  the  moon,  and  of  other  stereographs  contrived 
as  test  objects,  amply  warranted  me  in  accepting  printed  testi- 
mony regarding  the  stereograph  of  the  sun,  prepared  by  Mr. 
De  la  Rue.  Unfortunately,  the  photographic  negative  was 
accidentally  destroyed  a  few  years  ago,  so  that  Mr.  De  la  Rue 
was  unable  to  furnish  me  a  copy.  My  statement  on  this  one 
point  was  therefore  not  based  on  personal  inspection,  but  on 
my  recognition  of  the  entire  accordance  between  the  testimony 
on  this  point  and  my  own  oft  repeated  experience  in  such 
matters. 

Brooklyn,  Oct  3,  1883. 


SCIENTIFIC    INTELLIGENCE. 

I.  Chemistry  and  Physics. 

1.  On  Homologous  Spectra. —  Hartley  has  continued  his 
studies  upon  the  spectra  of  allied  elements,  and  has  confirmed  his 
supposition  that  elements  of  the  same  homologous  series  present 
either  homologous  spectra  or  homologous  groups  of  lines  in  their 
spectra  He  uses  the  word  homologous  here,  to  mean  possessing 
an  affinity  depending  on  structure  or  constitution.  Analogous 
resemblances  in  spectra  had  been  observed  by  Mitscherlich,  by 
Lecoq  de  Boisbaudran  and  especially  by  Cimician.  The  latter 
concludes  that  each  natural  group  of  elements  has  its  own  pecu- 
liar spectrum  and  certain  lines  and  groups  of  lines  recur  with 
decrease  or  increase  of  wave-length  for  differences  in  the  spectra 
of  different  elements  of  any  one  group.  Almost  every  element 
has  a  number  of  feeble  lines  which  bear  the  same  relation  to  the 
chief  line  or  lines  which  the  over-tones  in  music  bear  to  the  funda- 
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mental  note.     An  increase  of  wave-length  of  homologous  lines  of 
similar  elements  corresponds  with  a  greater  intensity  of  chemical 
kinetic  energy.     Hartley's  {)l)otographs  of  the  ultra-violet  region 
completely  confirm  these   views.     Stoney  had   shown  that  the 
spectra  of  gases  are  to  be  referred  to  periodic  motions  withio  the 
individual  molecules  and  not  to  the  irregular  journeys  or  encoun- 
ters of  the  molecules  with  each  other.     The  three  hydrogen  lines, 
A,  F  and  C  are  the  3.2d,  the  27th  and  the  20th  harmonics  of  a 
fundamental  vibration  whose  wave  length  is  0'013127714  mm.    A 
harmonic  relation  exists  also  between  the  lines  in  the  spectra  of 
magnesium/  zinc,  cadmium,  aluminum,  and  in  calcium,  strontium 
and  barium  when  two  octaves  of  the  spectrum  are  examined 
The  fundamental  vibrations  appear  to  be  in  the  infra-red  region. 
In  conjunction  with  Adeney,  Hartley  has  accurately  determined 
the  wave-lengths  of  lines  in  twenty  spectra.     To  study  conve- 
niently the  harmonic  relations  between  lines  and  groups  of  lines, 
it  is  necessary  to  map  spectra  according  to  their  inverse  wa\^ 
lengths  or  oscillation  frequencies.     In  the  spectrum  of  magnesium, 
there  are  three  single  lines,  one  pair  of  lines,  four  triplets,  a  quad- 
ruple and  a  quintuple  group.     In  the  zinc  spectrum,  a  single  line, 
a  pair,  three  groups  of  triplets,  a  qiiadruple  and   a  quintuple 
group ;  and  the  same  for  cadmium.     Copper  and  silver  each  gire 
two  double  groups,  one  sextuple  and  one  septuple  group.    Alum- 
inum three  single  lines  alternating  with  three  pairs,     feoron  two 
single  lines  and  a  pair.     Silicon  three  single  lines,  three  pairs  and 
a  septuple  group.  •  Maps  of  these  spectra  are  given  plotted  in 
OBciltatioi)  froqucMicies.     Tliese  results  in  the  author's  opinion  su})- 
port  the  view  that  eleiiuMits,  whose  atomic  weights  differ  by  a  cou- 
slant  quantity  and  whose  chemical  character  is  similar,  are  tnily 
homoloujous ;  or  in  otl)er   words  are  the  same  kind  of  matter  in 
different  states  of  condensation.     He  recjards  Lockyer's  hypothe- 
sis "that  every  elementary  substance  may  be  decomposed  into  as 
many  sim])]e  substances  as    there  are  rays  in   its  spectrunr  as 
quite  incompatible  with  the  theory  that  the  spectra  are  composed 
of  harmonic  vibrations,  since  a  compound  body  would  i^ivi*  two 
or  more  series  of  harmonics  related  to  two  or  more  fundamental 
vibrations;  an<l   elements  having   a  common  com])onent  should 
^ive  spectra  in  which  the  same  series  or  groups  of  lines  appear. 
In  illustration   Hartley  ^ives  the  wave-lengths  of  certain  lines  in 
the  copper    and    the    tellurium    spectra    as    follow^s:    for   copper 
3307-4,  3290-l>,  32S(V5,  3273-0  (very  strong),  32«4-!i,  3247*3  (very 
strontr);  and   tor   tellurium   33()7-o,  3290'0,  32H0'4  (very  strong), 
3273-8  (very  strong),  :i2()4-4,  3247'2  (very  strong).      Both  thosiil>- 
stanccs  were   pure.     Since   the  correctness   of  the  measureiuents 
cannot  be   relii'(l  on   beyond  ()*1  tenth-meter,  though  they  are  be- 
lieved   to   be  correct    to  0*2,   it   is   imj)ossible   to   sav   absolniely 
whether  the  above  lines  are  or  are  not  coincident. — J\  Chem,  >'("'., 
xliii,  300,  Sei)t.,  1SH3.  G.  r.  R. 

2.    Oh  some  lieartiojis  of    7t'lluriu7n, — It  is  generally  stated 
that  tellurides  in  solution  have  a  reddish-violet  color.    Demar^ay 
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however,  finds  that  when  pure  they  are  slightly  yellowish  in  color, 
the  red-violet  tint  being  due  either  to  poly-tellurides  or  to  some 
sub-oxide.  If  a  strongly  alkaline  solution  of  a  telluride  be  Koiled 
with  a  reducing  agent,  phosphorus,  hypophosphite,  aluminum, 
etc.,  the  violet  color  disappears  to  be  replaced  by  a  weak  pale- 
yellow.  If  exposed  to  the  air,  the  violet  color  reappears.  If  a 
tellurite  be  used  in  the  above  experiment  the  red-violet  color  is 
at  firsts  developed  and  then  destroyed.  If  the  solution  is  not 
sufficiently  alkaline,  a  p<9rtion  of  the  tellurium  appears  to  be 
eliminated  as  hydrogen  telluride.  The  formation  of  the  violet 
compound  appears  to  precede  the  formation  of  telluride,  and  may 
be  due  to  the  formation  of  a  sub-oxide.  The  author  also  shows 
that  Wohler's  tellurides  of  methyl  and  ethyl  may  be  readily  ob- 
tained by  heating  tellunum  in  powder  for  48  hours  in  contact 
with  methyl  or  ethyl  iodide  at  80®  C.  The  two  bodies  unite  to 
form  dimethyl  diiodide,  which  decomposes  slowly  at  100°,  rapidly 
at  120®.  From  this,  other  derivatives  are  obtained. — BuU,  Soc, 
Ch.j  II,  xl,  99,  Aug.,  1883.  G.  F.  B. 

3.  On  Caucasian  Ozocerites, — Beilstein  and  Wiegand  have 
submitted  to  an  examination  the  ozocerite  obtained  from  the 
island  of  Tscheleken  in  the  Caspian  Sea.  It  was  a  brownish- 
black  sticky  mass,  which  dissolved  in  boiling  benzene  leaving  but 
a  trifling  residue.  On  adding  alcohol,  most  of  the  paraffin  was 
precipitated,  leaving  the  admixed  oils  m  solution.  It  was  found 
tetter,  however,  to  wash  the  crude  material  with  ether,  to  remove 
the  oil  and  coloring  matter ;  and  then  to  extract  the  residue  with 
absolute  acetic  ether.  The  nearly  colorless  paraffin  thus  obtained 
was  dissolved  in  boiling  benzene,  treated  with  animal  charcoal, 
and  precipitated  by  alcohol.  By  repeating  this  operation,  a 
hydrocarbon  was  obtained  in  brilliant  white  crystals,  and  of  con- 
stant fusing  point,  evidently  homogeneous.  To  this  substance, 
the  authors  have  given  the  name  leketie,  from  the  island  where  it 
occurs.  It  constitutes  the  chief  constituent  of  the  Caucasian 
ozocerite.  It  melts  at  79"  and  has  a  specific  gravity  of  0  93917. 
It  dissolves  readily  in  benzene,  carbon  disulphide  and  ligroin,  less 
so  in  chloroform,  ether  and  alcohol,  and  is  quite  insoluble  in  abso- 
lute acetic  ether.  Its  solutions  in  hot  benzene,  carbon  disulphide 
and  chloroform  gelatinize  on  cooling.  On  analysis  it  gave  car- 
bon 85*23,  85*1  ;  hydrogen  14'72,  14*57  ;  numbers  not  sufficiently 
close  to  determine  between  the  formulas  C„Ho«  and  C^II^^^g.  In 
vacuo  it  distils  unchanged  ;  but  at  atmospheric  pressure  it  breaks 
up.  Lekene  is  very  permanent.  Heated  on  the  water  bath  for  a 
week  with  nitric  acid,  or  treated  with  chromic  acid  at  100°,  it 
sufiTers  no  change.  With  acid  chameleon  solution  of  4  per  cent 
strength  500  c.  c.  were  required  with  one  gram  of  lekene  to  pro- 
duce a  permanent  color ;  thus  using  three  parts  of  oxygen  to 
one  of  hydrocarbon,  (CH2)  +  0^=C02  4-H20,  and  going  to  con- 
firm the  formula  C^Hj,.  Fuming  sulphuric  acid  converts  lekene 
into  a  black  crumbly  mass,  containing  no  sulphonic  acids.  Bro- 
mine gives  crystallized  substitution  products. — Ber,  Berl,  Chem, 
6es.,  xvi,  1647,  July,  1883.  g.  p.  b. 
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4.  On  the  Fermentation    of   Cellulose. — Tappeiner  has  con- 
firmed his  assertion  of  a  year  ago,  that  cellulose  is  a  fermentahle 
substance,  and  rfow  gives  the  results  of  his  closer  study  of  the 
phenomena  attending  it.     When  to  a  flask  containing  finely  di- 
vided paper  or  cotton  and  a  one  per  cent  extract  of  meat,  steril- 
ized, a  small  quantity  of  the  contents  of  the  first  stomach  of  a 
ruminant  is  added,  a  fermentation  is  set  up  by  which  the  cellalose 
is  brought  into  solution   almost  entirely.     Upon  examination  it 
appears  that  two  fermentations  go  on  simultaneously,  one  evolv- 
ing carbon   dioxide  and  hydrogen,  the  other  carbon  dioxide  and 
marsh  gas,  though  both  yield  organic  acids  also.     The  latter  goes 
on  slowly  for  four  weeks,  evolvmg  CH^  and  CO,  in  the  ratio  of 
1 :  7*2,  besides  SH-,  H  and  N,  at  the  beginning,  and  in  the  ratio 

1 :  3*4  at  the  end.  The  remaining  liquid,  which  had  an  acid  reac- 
tion, was  fractionated  and  yielded  acetic  aldehyde,  acetic  acid 
and  other  volatile  fatty  acids.  The  other  cellulose  fermentation, 
in  which  hydrogen  is  evolved,  goes  on  when  the  neutral  one  per 
cent  solution  of  moat  extract  is  replaced:  (1)  by  such  a  solution 
weakly  alkaline;  (2)  by  one  diluted  with  an  equal  volume  of 
water,  containing  in  100  parts  HK^PO^  0*2  gram,  MgSO^  0'04, 
CaClg  0*02,  called  Nageli's  solution;  (3)  or  by  aqueous  solutions 
which  contain,  besides  the  above  mentioned  salts,  nitrogenons 
bodies,  such  as  0*35  ammonium  acetate,  0*3  acetamide  or  0*6 
asparagin  in  100  parts.  With  the  second  of  the  above  named 
solutions,  the  gas  evolved  consists  of  o6'39  CO,  with  a  small 
quantity  of  Slig  and  of  42-71  H,  the  difference  1*90  being  nitro- 
gen. A  control-flask  troated  in  precisely  the  same  way,  but  con- 
taining no  cellulose,  evolved  no  gas.  On  examining  the  residue 
in  the  flask,  the  same  bodies  were  detected  as  in  the  first  fermen- 
tation. Hay,  enclosed  in  a  flask  with  air  and  water,  evolves  gases 
consistinu^  of  hydrogen  and  carbon  dioxide  and  produces  volatile 
acids.  The  author  applies  the  facts  he  has  observed  to  the  phe- 
nomena of  marsh  gas  formation  from  cellulose  in  ponds  and 
marshes. —  Ber.  Bert.  (Jhe)n.  Ges.^  xv,  1734,  July,  1883.     g.  r.  b. 

5.  On  the  Sjylitthig  of  Inactive  Matidelic  acid  into  two  Isomert 
both  opticallt/  active. — Lewkowitscmi  has  succeeded  in  proving 
conclusively  that  the  optically  inactive  mandelic  acid  consists  of 
equal  |)ortions  of  dextro-  and  hevo-rotatory  mandelic  acid,  and  iu 
splitting  the  inactive  acid  so  as  to  produce  the  active  ones,  and 
uniting  the  latter  so  as  to  produce  the  former  again.  Under  the 
influence  of  fungoid  ferments,  this  splitting  takes  place,  one  of 
the  component  acids  being  consumecl  by  the  plant.  With  Peni- 
cilltim  f/htucum,  the  la^vo- mandelic  acid  is  destroyed,  the  dextro- 
mandelic  acid  remaining  in  solution.  With  Saccharomyc^ 
ellipsoidi'USy  the  dextro-niandelic  acid  is  consumed  and  the  laevo- 
mandelic  acid  is  left.  With  cinchonine,  the  dextro-mandelate 
crystallizes  out,  leaving  the  lievo-mandelate  in  solution.  The 
author  pro|)oses  the  name  paramandelic  acid,  for  the  inactive  acid 
thus  formed. — Ber.  Berl.  Cheni.  Ges.,  xvi,  1568,  July,  1883. 

G.  F.  B. 
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6.  (in  the  Condition  in  which  Carbon  exists  in  Steel. — Abel 
and  Dbbring  have  made  a  series  of  experiments  in  the  hope  of 
obtaining  information  on  the  condition  in  which  carbon  exists  in 
steel  as  it  is  left  by  the  cold-rolling,  as  well  as  in  its  hardened, 
annealed  and  intermediate  conditions.  Two  series  of  experiments 
were  made.  In  the  fii'st  series  the  steel  was  in  the  form  of  12 
disks  2*5  inches  in  diameter  and  0*01  inch  thick,  each  weighing 
about  6*5  grams.  In  one  disk,  hardened,  the  silicon  was  deter- 
mined to  be  0*20  per  cent.  A  cold-rolled  disk  gave  1-108  total 
carbon,  a  hardened  one  ri28,  an  annealed  inside  disk  0*924,  and 
a  similar  outside  one  0*860.  Three  disks  were  used  for  estimating 
the  so-called  uncombined  carbon  by  gently  heating  them  for  three 
hours  in  lOO'^*^  of  hydrochloric  acid  of  sp.  gr.  I'lO.  The  cold- 
rolled  one  left  0*096,  the  annealed  inside  one  0*052,  and  the  hard- 
ened one  0*035  per  cent  carbon.  Three  others  were  placed  in  a 
cold  saturated  solution  of  potassium  dichromate  acidulated  with 
tAj-  of  sulphuric  acid,  being  supported  on  sieves  of  platinum  gauze. 
The  cold-rolled,  the  annealed  and  the  hardened  disk  each  left  a 
small  quantity  of  black  particles  which  appeared  spangly  under 
the  microscope  and  which  were  attracted  by  the  magnet.  Upon 
analysis  the  particles  from  the  cold-rolled  disk  gave  1*039  per 
cent  carbon  and  6*87  per  cent  of  iron ;  those  from  the  annealed 
outside  disk  0*830  and  4-74,'  and  those  from  the  hardened  disk 
0*178  and  0*70;  calculated  on  the  total  weight  of  the  disks. 
Thus  the  chromic  acid  treatment  has  left  nearly  the  whole  of  the 
carbon  from  the  cold  rolled  and  the  annealed  disks  in  the  form  of 
a  carbon-iron  compound  corresponding  closely  to  the  formula 
Fe^C,.  But,  on  the  other  hand,  in  the  case  of  the  hardened  disk 
only  about  one-sixth  of  the.  total  carbon  was  left  undissolved  by 
the  chromic  treatment.  The  last  disk  was  submitted  to  the 
action  of  a  chromic  solution  containing  a  large  excess  of  sulphuric 
acid.  The  black  residue  gave  on  analysis  0*84  carbon  and  1*104 
iron,  showing  that  the  carbide  had  broken  down.  To  study  the 
carbon-iron  compound  more  carefully,  and  especially  to  learn 
(1)  whether  it  is  independent  of  the  strength  of  the  chroihic  solu- 
tion, (2)  whether  the  percentage  of  carbide  in  the  steel  is  con- 
stant, and  (3)  how  much  of  its  carbon  remains  unconverted  into 
hydrocarbons  upon  treatment  with  hot  hydrochloric  acid,  a  second 
series  of  experiments  was  made.  The  steel  used  was  in  the  form 
of  a  thin  sheet  0008  inches  thick,  weighing  175  grams,  cold- 
rolled  from  an  incjot  melted  from  cemented  blister  steel.  On 
analysis  it  contained  1*144  carbon,  0*166  silicon,  and  0*104  man- 
ganese. Four  experiments  were  made,  from  7  to  7*5  grams  of 
steel  being  used  in  each,  the  strength  of  the  chromic  solution 
varying.  The  results  seem  to  show  that  the  material  separated 
from  cold-rolled  steel  by  the  action  of  chromic  and  sulphuric 
acid  below  a  certain  strength  contains  an  iron  carbide  approxi- 
mating to  the  formula  Fe,C  or  its  multiple.  Hence  these  experi- 
ments appear  to  sustain  the  view  that  the  carbon  in  this  steel  is 
not  simply  diffused  mechanically  through  the  mass  of  steel  but 
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•zbU  in  th*  form  of  ui  iron  carbide,  it  definite  prodticl  capable 
of  renting  the  o'xidiiing  slicct  of  aii  agecit  wbicli  exerta  a.  rapi4 
MlTent  ftotioa  apon  the  inm  through  which  the  carbide  is  ai» 
tribolsd.  Fatura  experinKnie  must  decide  whetlier  the  carbide 
Tariw  in  ita ,compo«tiop  in  difTereni  desoriptiotis  of  steel  nmilarlj 
brated,  tbongh  the  expannieiitt>  abovi.-  (^iven  suggest  that  hard- 
ening ditniDiiDea  the  power  oC  the  rarbide  to  resist  the  decompos- 
ing etfeot  of  the  ohromio  solution. — J.  Cfieni.  Soc,  sliii.  303, 
Jane,  1888.  o.  K  & 

1.  An«wjhtid  6^  gnat  ipte^  grmUgf  <^  larg§  UtikmttfT^ 
■fivetion  ana  o/  great  diapit$i<m.—0.  Bobbbaok  deMscibee  tbs 
method  of  piepAntion  <d  m  solntioD  of  iodide  of  qdoknlver  ud 
-  iMuinm  vhiob  poaaeswe  m  great  power  of  dinerrion.  At  ordiBu; 
tmnperatnree  taie  Bolntioo  u  a  cuesr  iiud  of  a  yellow  oolw.  lie 
indioee  of  leflrsotion  of  Tariotu  Frannbofer  Unes  were  nMunnd  it 
Utt  tempermtnte  of  23°  C.  bv  enolousg  the  lipoid  In  »  Ivollow  Steb- 
bdl  vnua  of  60"  (a)  ud  anerwarda  in  a  uinilar  pnna  <rf  10*  (i] 
(Hg,  Na,  Hg).  The  renilta  are  oompared  wiUi  thote  obtdned  ttm 
ether  well^nown  liqaida  in  the  following  taMe : 


WaMT,  18,  7 

Ilhiiliiiilito  111 

Oflof  OUil* 


FandRf'sbeiTy^si.  Q=4'T1B.. 
nioalet'B  lodlda  of  quIckailTer  } 
uidpoUBh,  G  =  3'1I2  \" 


l-UU 

i-sn9 

1-701T 


l-SSK 
l-MU 

1-6301 
1'72*J 


1133 
11932 

]-192B 


The  strong  absorption  obscui-ea  the  lines  beyond  G  in  the  direfr 
tion  of  the  violet.  The  amount  of  the  dispersion  is  shown  by  the 
indices  of  refr.iction  of  the  components  of  the  D  line  nD,^l-'93!, 
tin,=l-7933.  With  a  prism  of  60"  the  angular  diSereDoe  between 
these  components  is  fully  2'. — Ann,  der  Phyaikund  Chemie1io.i, 
pp.  169,  174.  J.  T. 

8.  Aasumption  of  a  Solar  £lectn'c  PoUntiaL  —  Sir  Wiuuii 
SiBUEKB,  in  his  memoir  "On  the  Conservation  of  Solar  Energy" 
makes  the  hypothcHis  that  the  sun  possesses  a  high  electric  poten- 
tial which  possibly  produces  the  pbeuomeuon  of  the  zodiacal  light. 
The  existence  of  this  electric  potential  is  supposed  to  be  due  to 
the  friction  of  the  matter  whicli  on  his  hypotnesis  is  drawn  into 
the  sun  from  space.  Werner  Siemens  in  a  recent  article  calls 
attention  to  his  observations  on  the  electrization  of  the  ap«x  of 
the  Cheops  pyramid  by  the  whirling  dust  clouds  of  the  desert,  si 
illustrating  his  brother's  theory.  "  It  is  assumed  that  the  body 
of  the  sun  is  conductive  and  is  insulated  by  the  sea  of  flame  en- 
veloping it.     The  photosphere  retains  one  of  the  eleotriutiet 
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which  have  been  Beparated  by  the  friction  while  the  other  is 
spread  by  convection  in  cosmical  space."  The  sun's  electric 
potential  then  is  supposed  to  act  upon  the  earth's  charge  of  free 
electricity.  The  dissipation  of  the  earth's  electricity,  arising  from 
the  sun's  distnbution,  is  favored  by  the  extreme  rarefaction  of 
the  upper  strata  of  air  and  by  the  ascending  and  descending  cur- 
rents of  air  loaded  with  moisture,  since  by  these  the  free  elec- 
tricity is  conveyed  to  the  upper  strata  of  highly  rarefied  air.  The 
aurorse  boreales  and  auslrales  arise  from  the  electrical  compensa- 
tion taking  place  at  the  boundary  of  the  earth's  atmosphere^ 
between  the  matter  flowing  out  from  the  sun  charged  with  negative 
electricity  and  the  liberated  positive  induced  electricity  of  the 
earth.  This  exchange  occurs  principally  in  the  polar  regions,  for 
the  polar  atmosphere  is  displaced  by  the  strongly  electrified  air 
brought  by  the  equatorial  current  in  the  upper  regions  of  the 
atmosphere.  Earth  currents  are  also  due  to  the  electrical  com- 
pensation which  is  continually  going  on.  Mr.  Siemens  then  refers 
to  jibe  investigation  of  Rowland  upon  the  electrodynamic  effect  of 
a  static  charge  of  electricity  when  in  motion  and  infers  that  the 
charge  of  the  earth  by  its  rotation  is  sufficient  to  produce  the 
observed  magnetism  of  the  earth.  He  is  apparently  ignorant  of 
the  fact  that  Professor  Ayrton  and  Professor  Perry  have  made 
the  same  hypothesis  and  that  Rowland  in  a  subsequent  paper 
has  shown  that  the  charge  in  the  earth's  atmosphere  necessary  to 
produce  the  observed  magnetism  of  the  earth  would  cause  a  spark 
to  pass  between  the  earth  and  the  moon.  Mr.  Siemens  regards 
thunder  clouds  as  screens.  As  long  as  the  particles  of  water  con- 
stituting the  cloud  are  at  considerable  distances  from  each  other 
the  cloud  will  be  unaffected  by  the  earth's  electricity.  Hence 
mist  and  light  clouds  will  not  become  electric.  But  as  soon  as 
the  particles  of  water  come  in  contact  with  each  other  or  so  near 
to  each  other  that  electricity  of  high  tension  can  leap  from  one 
drop  to  another  the  cloud  is  subjected  to  a  distributive  process 
which  can  be  brought  about  or  hastened  by  ascending  vortices  of 
clouds.  By  a  copious  formation  of  rain  the  water  particles  of  the 
whirling  vortices  of  clouds  are  brought  closely  together  up  to  the 
highest  air  strata  and  it  therefore  becomes  a  conductor  of  elec- 
tricity and  is  subject  to  electrical  distribution.  If  at  any  place  it 
is  in  conductive  connection  with  the  earth  the  electricity  of  the 
latter  must  flow  into  it.  If  it  is  not  so  connected  it  will  become 
charged  with  electricity  opposite  to  that  of  the  earth  while  the 
similar  electricity  escapes  by  the  conductive  vortex  cloud  into  the 
higher  regions.  The  author  of  this  theory  suggests  that  astro- 
nomical investigations  may  show  from  the  perturbations  of  the 
paths  of  Mercury,  the  asteroids  and  the  satellites,  the  existence  or 
non-existence  of  a  solar  electric  potential. — Phil,  Mag,,  Sept.  1883, 
pp.  161-181.  J.  T. 

9.  Cause  of  anomalous  double  refraction  in  some  isometric 
Salts, — The  subject  of  the  cause  of  the  anomalous  optical  phe- 
nomena, observed  in  the  case  of  many  substances  which  appar- 
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-ently  crystallize  in  the  iBometric  system,  is  one  which  has  been 
widely  discussed  in  the  past  few  years.  Braitns  has  made  an 
important  contribution  to  the  subject  by  showing  that  in  some 
cases  the  cause  for  this  abnormal  double-refraction  is  to  be  sought 
for  in  the  variation  in  chemical  composition  occasioned  by  the 
presence  of  isomorphous  compounds.  For  example,  he  finds  crys- 
tals of  potash  alum  and  ammonia  alum,  which  are  chemically 
pure,  to  be  absolutely  isotropic,  while  crystals  formed  from  a  solu- 
tion containing  both  salts  showed  distinct  double-refraction. 
Similar  results  were  obtained  with  crystals  of  lead  nitrate  and 
barium  nitrate :  when  perfectly  pure  the  crystals  of  each  were 
isotropic,  but  the  presence  of  a  small  amount  of  the  isomorphons 
compound  was  accompanied  by  strong  double-refraction.  These 
observations  supplement  those  of  Klocke,  who  referred  these  op- 
tical phenomena  to  internal  tension,  by  showing  a  cause  why  this 
tension  should  exist. — Jahrh,  Min.y  ii,  102,  1883.  e.  s.  d. 

n.  Geology  and  Mineralogy. 

1.   The  Tortugaa  and  Florida  Reefs;  by  Alexander  Agassiz 
Mem.  Amer.  Acad.,  xi,  for  1882,  pp.  107-134.    4to,  with  12  plates 
.of  maps   and   sections.     June,  1883. — This  memoir  contains  the 
Insults  of  a  careful  study  of  the  Florida  reefs  by  Professor  A 
Agassiz.     The  author  sustains  the  view  of  Captain  E.  B.  Hunt* 
that  the  long  curving  Florida  reef,  stretching  westward  from  the 
southern  extremity  of  this  peninsula,  has  derived  its  form  and  its 
length  through  the  drifting  of  calcareous  (chiefly  coral)  sands  by 
the  current  in  the  sea.     Captain  Hunt  ap|>ealed  to  the  sweep  of 
the  eddy  counter-cuiTent  along  the  reef  region,  tlius  making  the 
reef,  like  any  saiid-roef,  one  growing    by   its  extremity  in  the 
direction  of  the  ])revailing  current,  and   not  dependent  on  any 
])rogres8ing  subsidence  for  its  form.    Mr.  Agassiz  presents  various 
facts  from  the  Tortugas  and  otlier  parts  of  the  reef  which  show 
that  this  view  is  a(i(?qnate  to  account  for  the  present  condition  of 
the  reef  and  all  its  various  features  ;  and  the  facts  are  finely  illus- 
trated by  the  ma|)S  and  sections.     lie  adds  to  the  above  cause  the 
fact  that  the  warm  current  carried  abundant  food  for  the  life  of 
the  reef,  and  urges  that  this  cause  must  have  generally  had  great 
influence   in   deterrniniuG:   the  distribution   of  coral   reefs.      Pro- 
fessor  Ai^assiz  further  suj:j<]cests  that  in  the  case  of  these  and  other 
coral  reefs  of  the  West  Indies  the  bottom  may  have  been  brought 
up  to  within  50  or  100  feet  of  the   surface  where  corals  could 
begin   to  grow  by  the  accumulations   of  calcareous    relics  made 
through  tlie  growth  of  other  species  or  through  uplifts  of  the  sea- 
bottom  and  volcanic  action.     He  mentions  the  occurrence  of  ele- 
vated coral  reefs  in  Cuba,  San  Domingo  and  other  West  India 
islands,  made  chiefly  of  recent  corals,  as  evidence  that  such  up- 
liftings  have  occurred  ;  and  states  also  that  the  Shell-limestone,  or 
**  Coquina,"  of   St.   Augustine,  off*  portions  of  the  east  shore  of 
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Florida,  north  of  Cape  Florida  (where  no  reef-making  corala 
exist),  i»  raised  ten  to  twenty  fathoms  above  the  sea-level  "  at 
nuch  points  as  Anastasia,  Merritt's  and  Worth  islands."  The 
deposit  is  not  known  to  be  now  increasing.  Illustrations  of  the 
views  presented  in  the  memoir  are  drawn  also  from  the  Bahamas, 
the  Yucatan  reefs  and  from  other  parts  of  the  same  seas. 

Professor  Agassiz's  observations  in  the  West  India  seas  lead 
him  to  question,  as  others  have  done,  the  view  of  Darwin  that  the 
atolls  of  the  Pacific  owe  their  forms  largely  to  the  conditions 
attending  a  progressing  subsidence.  It  cannot  be  doubted  that  the 
causes  acting  in  the  American  seas  have  acted  alike  in  all  coral 
reef  seas;  but  they  are  adequate  to  produce  like  effects  only 
under  like  conditions.  The  great  depth  of  the  seas  of  the  Pacific 
reef  region,  the  abrupt  submarine  sides  of  the  atolls,  the  depth  of 
the  lagoons,  in  many  cases,  tlie  resemblance  between  barrier  reefs 
around  high  islands  and  atolls,  amounting  to  identity  of  features, 
and  the  proofs  of  subsidence  in  many  of  the  groups  which  the 
writer  has  elsewhere  presented,  make  the  question  with  regard 
to  the  oceanic  atolls  and  reefs  a  very  different  one  from  that  in 
the  Florida  seas.  And  even  the  sufficiency  of  the  explanation  for 
the  Florida  seas  is  not  demonstration  that  subsidence  has  not 
been,  to  some  degree,  a  factor  in  the  case  of  other  more  eastern 
West  India  coral  islands  and  in  the  Bermudas.  When  the  ques- 
tion for  the  atolls  has  been  studied  bv  means  of  a  series  of  bor- 
ings to  a  depth  of  600  or  1000  feet,  which  shall  bring  up  the  rock 
in  a  core  six  inches  in  diameter  for  examination,  science  will 
have  positive  conclusions  as  to  the  c>rganic  source  of  the  reef 
limestone  and  as  to  the  subsidence  theory.  Whatever  the  con- 
clusions may  be,  geology  is  greatly  indebted  to  Professor  Alex- 
ander Agassiz  for  his  careful  and  convincing  investigations. 

The  writer  has  been  misread  on  one  point.  He  is  made  to  share 
with  Darwin  in  the  view  that  Echinoderms'  were  an  important 
source  of  coral  mud.  But  the  fact  is  that  he  contests  Darwin's 
conclusion,  and,  in  opposition  to  it,  makes  trituration  by  the  waves 
and  currents  the  chief  source  of  the  mud  as  well  as  sand  (Exped. 
GeoL  Rep.,  4to,  1849,  p.  107,  and  Coral  Islands,  pp.  228,  229  and 
840),  saying  that  '^  fishes  and  Holothurians  are  quite  inadequate 
for  the  supply,"  and  that  "  the  incessant  grinding  action  about 
reefs  accounts  satisfactorily  for  the  deposits  of  coral  mud,  how- 
ever great  their  extent."  j.  d.  d. 

2.   Thoelfth  Annual  Report  of  the  U,  S.  Geological  and  Geo- 
£^aphical  Survey  of  the  Territories  of  Wyoming  and  Idaho ^  for 
the  year  1878 ;  F.  V.  Hatden,  U.  S.  Geologist.     Parts  I  and  U. 
504  and  810  pages,  8vo,  with  five  large  maps  and  numerous  plates 
and  wood-cuts. — ^These   two   volumes  close  the  series  of  annual 
Reports  of  the  survey  carried  on  under  the  general  charge  of  Dr. 
Hayden  and  the  direction  of  the  Secretary  of  the  Interior — a  sur- 
vey that  was  fruitful  in  results  to  science  and  the  country.     In 
the  letter  of  transmission  of  the  Report  now  issued.  Dr.  Hayden 
speaks  of  five  other  volumes  of  the  quarto  series  of  reports  as  re- 
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maining  unpublished,  and  adds  that  the  general  direction  as  to 
the  completion  and  publication  of  these  volumeB  has  been  com- 
mitted to  Major  J.  W.  Powell,  Director  of  the  United  States 
Geological  Survey.  This  twelfth  Annual  Report  contains  Re- 
ports by  C.  A.  W  HiTE  on  Cretaceous,  Tertiary,  Laramie,  Triasaic 
and  Carboniferous  fossils ;  Report  by  O.  St.  John  on  the  Geoloey 
of  the  Wind  River  District ;  Report  by  S.  H.  Sctjdder  on  The 
Tertiary  Lake  Basin  at  Florissant,  Colorado ;  Report  on  Crusta- 
cea by  A.  S.  Packard;  Report  by  R.  W.  Shufeldt  on  the 
Osteology  of  Speotyto  cunicularia^  Mremophila  alpestris^  N.  A. 
TetraonidflB,  Jjcintus  lyndovicianus,  and  of  Cathartidse.  Dr. 
White's  Report  is  illustrated  by  32  plates,  Mr.  St.  John's  by  49 
plates ;  Mr.  Scudder's  by  a  map ;  Professor  Packard's  by  39 
plates  and  a  map  ;  Mr.  Shufeldt's  by  24  plates ;  and  the  two  last 
also  by  numerous  wood-cuts  in  the  text. 

Part  II  is  occupied  with  the  geology  and  topography  of  the 
Yellowstone  Park,  and  includes  a  general  geological  report  by 
W.  H.  Holmes,  and  a  special  report  on  the  Thermal  Springs  and 
geysers  by  Dr.  A.  C.  Peale.  Both  are  profusely  illustrated  and 
some  of  the  plates  are  colored.  Mr.  Peale's  Report  has  already 
been  briefly  noticed  in  this  Journal. 

3.  Report  of  the  Second  Session  of  the  International  Oeolog- 
ical  Congress  at  Bologna  in  1881.     664  pp.  8vo.     Bologna,  1882. 
— A  notice  of  the  session  of  the  Geological  Congress  at  Bologna 
is  given  in  volume  xxiii  (p.  150)  of  this  JonmaL     The  Report, 
issued   under   the    supervision   of    the    president,   Professor  G. 
Capellini,  is  a  volume  of  great  interest  on  account  of  the  subjects 
discussed,  and  especially  for  its  full,  and  in  part  illustrated,  pre- 
sentation of  tlie  reports  of  various  national  committees  with  refer- 
ence to  geological  nomenclature  and  the  colors  and  symbols  of 
geological  maps.     TJie  scheme  of  colors  and  symbols  proposed  in 
rej)ort8  by  Professor  Ileim,  of  Zdrich,  M.  Maillard,  of  Paris,  A. 
Karpensky,  of  St.  Petersburg,  and  Professor  Giordano,  of  Koijie, 
are  given  in  colored  plates.     These  subjects  are  still  under  con- 
sideration, and  the  final  decision  on  some  j)oint8  will  probably  not 
be  reached  before  the  next  triennial  session,  that  of  1884,  in  Berlin. 

4.  Exj)editi(j)i  to  lUo  Negro^  Patagonia^  in  April^  May  and 
June^  1879,  under  the  orders  of  General  D.  Julio  A,  Roci. 
Infonnal  Official  Report  of  the  Scientific  Comviissimi.  (In 
Spanish).  Third  Part,  Geology^  by  Dr.  D.  Adolfo  Dcering.  4to. 
1882.  Work  distributed  by  the  National  Academy  of  Sciences 
of  Cordoba. — This  Report  treats  briefly  of  the  crystalline  rocks, 
which  are  referred  to  the  Lauren tian  and  Huronian,  though  with- 
out giving  any  especial  stratigraphical  evidence  as  to  age,  and 
then  takes  up  the  Cenozoic  formations,  which  are  of  great  extent 
and  rich  in  fossils.  The  subdivisions  adopted  are  1  (oldest),  the  ■ 
Guaranitic,  made  to  correspond  to  the  Upper  Cretaceous  or  Post- 
Cretaceous,  and  corresponding  to  the  Laramie  group  and  lower 
Eocene,  and  characterized  by  Mesotherinm ;  the  Patagonian  or 
Oligocene,  the  upper  containing  Megamys  and  Anoplotherium^ 
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lower  Ostrea  Patagonica ;  the  Araucanian  or  Miocene,  con- 
ling  Nesodon  and  Anchitherium ;  the  Pampean  or  Pliocene, 

lower  containing    Typotheriiim,  the   upper  Eguus,     Above 

the  Tehuelche  or  Erratic  formation — the  Glacial ;  the  Post- 
upean  or  Diluvial,  and  the  Arian  formation  or  alluvial. 
'.  A  Physical  Survey  in  Georgia^  Alabama  and  Mississippi^ 
ng  the  line  of  the  Georgia  Pacific  Pailway,  by  Messrs.  Camp- 
X  and  RuPFNER.  148  pp.,  8vo,  with  two  folded  maps  and 
tions. — This  report  is  for  the  most  part  economical  in  its 
eriptions,  but  gives  much  geological  inforn^ation  on  the  (foal 
mation,  including  its  stratification  and  flexures,  and  illustrates 

geology  of  the  country  by  a  colored  geological  map. 
L  Use  of  solutions  of  high  specific  gravity  in  the  study  of 
ks. — ^The  Sonstadt  solution,  of  mercuric  iodide  in  potassium 
ide,  is  now  in  general  use  by  lithologists  as  a  means  of  obtain- 
:  a  mechanical  separation  of  the  constituents  of  a  rock.  Its 
f,  however,  is  somewhat  limited  because  the  maximum  specifio 
ivity  obtainable  (about  3*17)  is  less  than  that  of  some  common 
lerals.  Rohebach  has  recently  shown  that  a  solution  of  mer- 
ic  iodide  in  barium  iodide,  applicable  for  the  same  purpose, 
I  be  obtained  whose  specific  gravity  is  as  high  as  3 'SB.  This 
ution,  although  less  convenient  than  the  other  because  of  its 
yroscopic  character,  can  be  employed  for  the  separation  of 
ny  varieties  of  garnet,  amphibole,  pyroxene,  also  epidote,  axi- 
e,  chrysolite,  staurolite  and  other  mmerals,  common  in  rocks, 
ose  specific  gravity  is  above  that  of  the  Sonstadt  solution.  The 
'.ical  characters  of  this  solution  are  described  on  an  earlier 
▼e  (406). —  Wied.  Ann.^  xx,  169,  1883. 

r.  Jiichellite :  A  new  Mineral. — MM.  G.  Cesaro  and  G.  Despret 
ve  given  the  name  richellite  to  a  supposed  new  mineral  from 
chelle  in  the  neighborhood  of  Vis6,  Belgium.  It  occurs  in  com- 
3t  masses  which  have  a  cream-yellow  color,  becoming  ochre- 
low  on  alteration.  Luster  greasy  or  resinous  to  earthy.  Hard- 
<s  between  2  and  3 ;  specific  gravity  2.  An  analysis  gave  the 
lowing  results : 

P,05  FejOs  A1,0,  CaO  '  ign. 

(})  28-6'7  28-71  180  6*64  36-64=100-36 

100°  the  mineral  loses  23-33  per  cent  H,0,  and  at  a  red  heat 

0  H,0  and  6*11  HF.  The  authors  leave  the  composition  of 
J  mineral   in  doubt,  but  regard   it  as  a  fluo-phosphate  of  iron 

1  calcium,  the  fluorine  being,  in  their  view,  in  combination  with 
J  iron ;  the  microscopic  examination  which  the  authors  promise 
make  may  throw  some  light  upon  the  subject. — Ann,  Soc.  JBelg. 
gm.,  X,  1883. 

3.  Classification  of  Meteorites. — Professor  Tschermak,  who 
3  made  many  important  contributions  to  the  study  of  mete- 
tes,  has  been  led  by  the  results  of  recent  microscopic  study  to 
>pose  some  changes  in  the  system  of  classification  given  by 
►se  in  1 864.  The  meteorites  are  classified  after  the  principles 
lithology  according  to  the  kind  and  relative  amounts  of  their 
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mineralogical  constitueDts.  The  classification  as  proposed  by 
Tschermak,  with  some  typical  examples  under  each  head,  is  as 
follows : 

I.  Meteorites  consisting  essentially  of  iron  :  Meteoric  iron, 
n.  Meteorites  having  an  iron  ground-mass  with  enclosed  sili- 
cates. («)  Pallasite:  iron  and  olivine  the  chief  coustitueots 
(Pallas-iron,  Atacama,  Bitburg) ;  (b)  Mesosiderite :  iron  with 
olivine  and  bronzite  (Hainholz,  Estherville) ;  (c)  Siderophyr  : 
iron  and  bronzite  (Rittersgriln,  Breitenbach,  Steinbach);  Gra- 
hamite :  iron  with  plagioclase,  olivine,  bronzite  (Sierra  da  Chaco). 

III.  Meteorites  consisting  chiefly  of  olivine  and  bronzite  with 
iron  as  a  subordinate  constituent ;  the  texture  mostly  chondritia 
Chondrite  (Aigle,  Knyahinya,  New  Concord,  Pultusk). 

IV.  Meteorites  consisting  essentially  of  olivine,  bronzite  or 
pyroxene,  (a)  ChaAsignite:  olivine  (C h assign y) ;  (b)  AmphoU- 
rite :  olivine  and  bronzite  (Manbhoom) ;  (c)  Diogenite :  bronzite 
or  hypersthene  (Ibbenbtlhren,  Shalka)  ;  {d)  Chtadnite^  enstatite 
(Bishopville) ;  (e)  BustUe:  diopside  and  enstatite  (Busti). 

V.  Meteorites  consisting  essentially  of  augite,  bronzite,  lime 
feldspar ;  with  a  shining  crust,  (a)  ilowardite :  augite,  bronzite, 
plagioclase  (Frankfort,  Loutolaks)  ;  (b)  EukrUe :  augite,  anor- 
thite  or  maskelynite  (Juvinas,  Jonzac,  Stannern,  Petersborough). 
—Ber.  Ak,  Wien.y  July  7,  1883. 

III.  Miscellaneous  Scientific  Intelligence. 

1.  The  British  AssochUlo)i  at  Sonthport,  —  Tlie  President, 
Professor  Cayley,  commenced  his  inaugnral  address  by  a  brief 
mention  of  three  distinguished  members  of  the  association  who 
had  died  during  the  year  past,  Professor  Henry  John  Stephen 
Smith,  General  Sir  Edward  Sabine  and  William  Spottiswoode, 
and  tlien  proceeded  with  his  subject  —  obligations  of  pure 
mathematics  to  other  sciences  as  the  sources  of  mathematical 
theories.  The  address  of  Professor  O.  Ilenrici,  president  of  the 
Mathematical  and  Physical  Section,  was  also  matliematical,  his 
subject  being  pure  geometry.  Mr.  J.  H.  Gladstone,  president  of 
the  Chemical  Section,  spoke  on  the  nature  of  the  so-called  ele- 
ments; Professor  W.  C.  Williamson,  president  of  the  Geological 
Section,  on  the  vegetation  of  the  Coal  period ;  Lieut.-Colonel  E 
II.  Godwin  Austen,  of  the  Geographical  Section,  on  the  Hima- 
layas ;  and  Mr.  Wm.  Pengelly,  president  of  the  Anthropological 
Section,  on  Cavern  researches.  Professor  Williamson  remarked 
on  the  strange  fact  that  while  extremely  delicate  cell-structures 
are  preserved  in  the  Carboniferous  beds,  no  terrestrial  cellular 
Cryptogams  have  been  found  in  them  except  a  few  imperfect 
Fungoid  relics.  In  the  course  of  his  review  *of  the  relations  of 
the  genera  of  Coal  plants,  he  observed  that  Calamod^iidron  and 
CcUinnites  are  the  same  in  type  and  both  Equisetaceous ;  that  one 
tall  and  slender  Calaviites^  found  at  the  Moorside  Colliery,  near 
Ashton-under-Lyne,  proved  on  measurement  by  him  to  be  30  feet 


Miscellaneous  Intelligence^  418 

length  and  6  inches  in  diameter  at  one  end  and  4^  at  the  other ; 
at  the  SigillaricB  and  Lepidodendra  are  alike  lycopodiaceous 
id  Stigmaria  the  true  root  of  either ;  that  these  ancient  lycopo- 
aceous  plants,  and  also  the  Calamitean,  even  slender  kinds,  de- 
jlop  a  secondary  exogenous  growth  of  vascular  tissue-making 
>ne8  and  so  giving  strength  to  the  exterior,  and  that  on  this 
ructure  was  based  the  reference  of  the  SigillariaB  and  the  Cala- 
odeudron  to  the  Gymnosperms  ;  that  Halonim  are  not  the  roots 
'  Lepidodendra  or  other  plants ;  that  the  Ihrigonocarpay  Cardich 
rpa  and  Cordaites  are  Cycadean,  as  well  shown  by  Grand-Eury 
id  othere ;  that  exogenous  plants  are  represented  by  stems  or 
•anches,  named  by  him  Astromyelon  (more  or  less  aquatic  since 

closely  resembles  those  of  Myriophyllum^  Mai'silea),  Heteran- 
tun  Grleviiy  and  Lyginodeiidroyi  Oldhamium,  a  plant  that  at- 
ined  arborescent  dimensions. 

The  president  of  the  Biological  Section,  Professor  E.  Ray 
inkester,  spoke  of  the  small  amount  of  scientific  research  in 
reat  Britain  and  of  encouragement  toward  it  by  the  govern- 
ent,  compared  with  the  same  in  the  nations  of  the  Continent, 
pecialiy  Germany,  and  by  way  of  contrast,  of  the  condition  and 
aracter  of  the  systems  of  education  in  German  universities.  He 
3sed  with  remarks  on  "  a  reasonable  and  proper  method  of 
moving,  to  some  extent,  the  defect  in  British  national  life  due 

the  want  of  provision  for  scientific  research." 

The   addresses   are   published   in    numbers   726,    726,   727   of 

ature,  and  other  proceedings  of  the  Association  in  following 

imbei's. 

At  the  next  meeting  of  the  British  Association,  in  Montreal, 

>rd  Rayleigh  will  Be  the  President,  and  the  Marquis  of  Lome, 

arquis  of  Lansdowne,  Sir  Charles  Tupper,  Sir  A.  T.  Gait,  Pro- 

$sor  Huxley,  the  Right  Hon.  Lyon  Playfair,  Principal  Dawson 

id  others,  Vice-Presidents. 

2.  Greenland  ice. — Nature   of    September   27    and   28    (Nos. 
6,  727)  states  that  the  inland  ice  party  of  Baron  Nordenski5ld 
irted  on  July  3  from  AuleitswikQord.     At  a  point  eighty  miles 
st  of  the  glacier  border  and  6,000  feet  above  sea-level  they  were 
evented  by  soft  snow  from  proceeding  with  sledges ;  and  Lap- 
nders  on  snowshoes  were  sent  on  from  this  point,  who  pene- 
ated   130  miles  eastward  over  unbroken  snow  to  a  height  of 
000  feet.     Over  the  whole  inland  there  is  ice.     With  the  ice 
icur  masses  of  fine  dust,  which   is  partly  of   cosmical   origin, 
he  party  consisted,  under  Nordenskiold,  of  Dr.  Berlin,  Sergeant 
jellstrom,  Herr  Johannesen,  two  hunters,  Sevalsen  and  Kicem- 
er,  two  sailors,  and  the  Lapps,  Anders  and  Lars.     The  journey 
sted  a  month. 

3.  U.  S.  Coast  and  Geodetic  Survey  for  1881,  J.  E.  Hilgard, 
aperintendent. — The  memoirs  presented  in  the  appendix  to  this 
eport  are  the  following :  On  type-forms  of  topography,  Colum- 
ia  River,  by  E.  Hergesheimek  ;  Collection  of  results  for  decli- 
ation,  dip,  and  intensity,  from  observations  by  the  survey  be 
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tween  1833  and  1882,  pp.  169-224,  by  C.  A.  Schott;  Barometric 
hypsometry  and  reduction  of  the  barometer  to  sea-level,  Part  III, 
by  Wm.  Fekrel  ;  Report  on  the  oyster  beds  of  the  James  River, 
Va.,  and  of  Tangier  and  Pocomoke  Sounds,  Md.  and  Va.,  illus- 
trated by  maps  and  plates,  by  Lieut.  F.  Winslow  ;  On  the  length 
of  a  nautical  mile,  by  J.  E.  Hilgard  ;  On  a  method  of  readily 
transferring  the  underground  mark  at  a  base  monument,  byO.  li 
TiTTMANN ;  On  the  flexure  of  pendulum  supports,  by  C.  S.  Peirce; 
On  the  deduction  of  the  electricity  of  the  earth  from  pendahm 
experiments ;  On  a  method  of  observing  the  coincidence  of  vibra- 
tions of  two  pendulums,  by  C.  S.  Peirce  ;  On  the  value  of  gravity 
at  Paris,  by  C.  S.-  Peirce  ;  New  rule  for  tirfes  in  Delaware  Bay, 
by  H.  Mitchell. 

Besides  these  papers  the  appendix  contains  a  "  General  Index  of 
scientific  papers,  methods  and  results  contained  in  the  appendices 
to  the  Annual  Reports  of  the  U.  S.  Coast  and  Geodetic  Survey, 
from  1845  to  1880  inclusive,"  by  C.  H.  Sinclair,  which,  on  ac- 
count of  the  great  v^lue  of  the  papers,  will  call  forth  the  hearty 
thanks  of  all  interested  in  the  progress  of  science. 

Hydraulic  Tables  for  the  CJalculation  of  the  Discharge  through  Sewers,  Pipes 
and  Ck)nduits,  based  on  Kutter*s  formula,  by  J.  P.  Flynn,  Civil  Engineer.  136  pp. 
16mo.     New  York,  1883  (D.  Van  Nostrand). 

Phytogeofirenesis.  Die  vorweltliche  Entwickeluog  der  Erdkruste  UDd  der 
Pflanzen  in  Grundziigen  dargestelll  von  Dr.  Oito  Kunze.  214  pp..  8vo  Leipzig 
(Paul  Frohberg). 

Report  of  the  Mineral  Resources  of  the  United  States  for  1882  and  the  first  six 
months  of  188;{,  by  Albert  Williams,  Jr.,  U.  S.  Geological  Survey.  814  pp.  8to, 
1883. 

A  Suinmnry  of  the  (Joology  of  the  Corn.^tock  IxxJe  and  the  Washoe  District,  by 
George  F.  BtXKER.  Kxtr.  from  the  Ann.  Rep.  U.  S.  Geol.  Survey,  lSSCi-81. 
pp.  21)3-;{.'K),  with  colored  ma])R.     Wasliington,  18S1. 

Geologieal  Survey  of  IHinois,  A.  1 1.  Wortliei),  State  Geologist.  Vol.  VII.  3U 
pp.  8vo,  with  31  plates.     May,  1883. 

Lehrbueh  der  verji^leicliendt-n  Anatomie  der  Wirl>elthiere  auf  GruDdlap*  dor 
Entwieklun^^sjresehic'hie,  by  Prof.  Dr.  R.  Widersheim.  2nd  part  (and  last),  47'- 
908  pp.,  June,  1 8S3  (Gustav  Fischer). 

Obituary. 

James  Lawrence  Smith. — Dr.  J.  Lcawrcnce  Smith  died  at  his 
residence  in  Louisville,  Kentucky,  on  the  r2th  of  October.  He 
was  born  near  Charleston,  South  Carolina,  on  the  KUh  of  Decem- 
ber, 181S,  and  was  tlu'refore  in  his  65th  year.  He  was  a  grad- 
uate of  the  L^niversity  of  Virginia  and  of  the  Medical  CoHegeof 
Cliarleston.  After  l^'avinj;  the  latter  institution  he  spent  three 
years  in  Kurope,  aiul  mostly  at  Paris,  pursuing  studies  in  medi- 
cine, ])hvsics,  chemistry,  i^eoloixv  and  mineralo<jrv.  While  in 
Paris  he  commenced  liis  j)ublications  in  chemistry  by  a  paper  on 
the  means  of  detectinu^  arsrnic  in  the  human  body,  wldch  wa,s  re- 
i)ublished  in  vols,  xl  and  xlii  of  this  Journal  (1H41,  1842).  After 
his  return  to  Charleston,  whidi  took  place  in  1844,  he  became 
Assay er  of  the  State,  studied  its  marls,  ores  and  cotton-bearing 
soils  ;  and  his  able  rept)rt  on  cotton-growing  led  to  bis  appoint- 
ment under  the  Turkish  Government  w  ith  reference  to  instruction 
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)n  the  subject  in  that  country.  The  emery  mines  of  Turkey  gave 
lim  a  new  subject  for  research ;  and  his  report  on  them  is  the 
irst  full  account  of  the  geological  character  and  mineralogy  of 
in  emery  region  that  had  appeared.  Besides  a  careful  chemical 
)tndy  of  the  emery,  in  the  course  of  which  he  devised  the  mode 
)f  attack  of  this  refractory  material  by  sodium  bisulphate,  he 
investigated  its  effective  hardness  by  a  new  method  and  extended 
bis  determinations  to  the  emery  of  other  localities.  The  memoir 
was  honored  by  the  French  Academy,  to  which  it  was  presented, 
by  publication  in  the  Memoires  aes  Savants  itrangers.  Dr. 
§mith  afterward  studied  the  emery  ol  Chester,  Massachusetts,  in 
ivbich  he  confirmed  and  extended  his  previous  observations  on 
the  mineral  and  its  mode  of  occurrence  and  mineral  associates. 
Dr.  Smith  published  also  a  chemical  report  on  the  Thermal 
waters  of  Asia  Minor. 

Ameiican  mineralogy  owes  very  much  to  Dr.  Smith  for  his  care- 
ful chemical  investigations,  the  earlier  of  which  were  carried  on 
conjointly  with  Professor  Brush ;  and  the  science  of  Chemistry 
in  many  ways,  and  especially  for  the  method  proposed  by  him, 
and  since  adopted  generally,  for  the  determination  of  the  alkalies 
in  silicates.  Many  ingenious  appliances  were  proposed  by  Dr. 
Smith  in  the  department  of  chemistry  and  physics ;  one  of  the 
most  important  is  that  of  the  inverted  microscope.  Meteorites 
were  with  Dr.  Smith  a  subject  of  great  interest  and  of  thorough 
study.  His  papers  giving  descriptions  and  the  results  of  his 
chemical  and  physical  investigations  of  different  meteoric  stones 
and  irons  are  very  numerous,  and  have  advanced  greatly  this  de- 
partment of  science.  It  was  the  topic  of  his  last  paper,  which 
appeared  in  this  Journal  in  June  of  the  present  year.  Dr.  Smith 
published  in  1873  a  volume  containing  a  collection  of  bis  papers 
to  that  date,  and  out  of  the  400  pages,  100  are  devoted  to  his 
papers  on  meteorites. 

Dr.  Smith  held  for  some  yeai's  the  position  of  Chemistry  in  the 
University  of  Virginia,  and,  during  the  later  years  of  his  life, 
that  of  Chemistry  in  the  University  of  Louisville.  His  very  large 
collection  of  meteorites  with  that  also  of  minerals  was  given  by 
him  two  years  since  to  the  Polytechnic  Society  of  Louisville. 
He  was  a  member  of  various  scientific  academies,  both  foreign 
and  American,  and  was  recently  honored  with  a  foreign  member- 
ship of  the  Academy  of  Sciences  of  Paris.  One  who  well  knew 
him  in  his  adopted  city  says  justly  of  him :  "  Eminent  in  his  • 
profession^  he  was  more  than  eminent  in  his  home.  He  was  a 
gentleman,  truly,  but  he  was  a  man  of  affairs,  a  man  of  convic- 
tions, a  man  among  men,  who,  though  absorbed  in  scientific 
pursuits,  took  a  sincere  and  profound  interest  in  public  questions 
and  events.  He  had  not  an  enemy  on  earth,  despite  the  positivity 
and  transparency  of  his  opinions,  and  he  goes  to  his  last  rest 
leaving  the  people  with  whom  he  was  so  long  identified  to  mourn 
the  loss  of  a  citizen  of  whom  all  were  proud  and  whom  eveiybody 
loved  and  honored." 


416  MiscManeous  IntdUgence. 

Wm.  a.  Norton. — The  death  of  Professor  Norton,  of  the  Shef- 
field Scientific  School  in  Yale  College,  is  announced  on  page  832 
of  this  volume.     As  the  principal  portion  of  bis  contributions  to 
science  have  appeared  in  this  Journal  we  need  only  give  a  general 
statement  of  their  character  and  extent.  His  earliest  memoir  was  m 
the  46th  volume  of  the  first  series,  and  was  on  the  mode  of  forma- 
tion of  tails  of  comets.     The  manner  of  action  of  a  solar  repulsion 
in  producing  the  comets'  tails  was  developed  at  length.     Some  of 
the  ideas,  though  original  with  Professor  Norton,  had  been  antici- 
pated by  Olbers  and  Bessel.     A  series  of  papers  followed  upon 
the  relations  between  the  distribution  of  heat  on  the  earth  and 
the  phenomena  of  terrestrial  magnetism. 

From  these  he  was  led  on  to  further  discussion  of  magnetic 
action  over  the  earth,  and  of  like  action,  as  he  argued,  in  the  body 
of  the  sun  and  in  the  formation  of  the  comas  and  tails  of  comets^ 
These  papers  included  especially  an  elaborate  discussion  of  the 
famous  comet  of  1858. 

After  this  followed  a  series  of  papers  on  molecular  physics,  in 
which,  starting  from  a  few  elementary  assumptions,  he  arranged 
in  one  system  the  various  phenomena  of  physics,  explaining  the 
gaseous,  liquid  and  solid  forms  of  matter,  the  various  phenoment 
of  electricity  and  magnetism,  of  light,  heat,  attraction,  crystalli- 
zation  and  chemical  action ;  also  explaining  terrestrial,  cometary 
and  solar  physics,  the  whole  worked  out  in  detail.  Many  of  his 
conceptions  and  arguments  are  in  direct  opposition  to  widely 
accepted  theories.  Hut  if  some,  or  even  if  all  of  them  shall,  in 
tlio  end,  fail  to  be  acceptetl  as  truths  of  nature,  yet  these  memoirs 
will  continue  to  testify  to  his  love  of  truth,  his  painstaking  labor 
and  his  complete  grasp  of  the  problems  to  be  solved. 

Professor  Norton  graduated  from  West  Point  in  1831,  and  for 
the  next  two  years  held  the  position  in  the  Military  Academy  of 
Professor  of  Natural  and  Experimental  Philosophy.  He  then 
resigned  from  the  army,  and  accepted  a  similar  position  in  the 
University  of  the  City  of  New  \  ork.  He  was  afterward  con- 
nected with  Delaware  College  at  Newark,  Delaware,  first  as 
Professor  and  then  as  President,  and  subsequently  with  Brown 
University  at  Providence,  Rhode  Island,  as  Professor  of  Natural 
Philosophy  and  Civil  P^ngineering.  Since  1852  he  has  been  Pro- 
iessor  of  Engineering  in  the  Sheffield  Scientific  School,  and  since 
187:.^  a  member  of  the  National  Academy  of  Sciences.  Com- 
mencin<r  his  work  at  the  Shefheld  Scientific  School  when  it 
consisted  of  but  two  professors  besides  himself,  he  contributed 
largely,  by  his  faithful  labors  and  excellent  judgment,  to  its 
development  and  success. 

Dr.  Oswald  Hkkk,  the  distinguished  author  of  works  on  fossil 
plants,  and  the  most  ])rominent  of  investigators  of  Arctic  species, 
died  at  Lausanne  on  the  27th  of  September,  aged  74  years. 

Joachim  Bauuandk,  the  eminent  paleontologist,  died  in  Octo- 
ber at  Prague,  injiis  84th  year. 
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Art.  XVLIII. — Some  points  in  Botanical  Nomenclature  ;  a  Re- 
view  of  ^^Nouvelles  Remarques  sur  la  Nomenclature  Botanique, 
par  M.  Alph.  de  CandoUe,"  Geneva,  1888 ;  by  Asa  Gray. 

Sixteen  years  have  passed  since  M.  de  Candolle  laid  before 
the  International  Botanical  Congress  held  at  Paris,  August 
16-26.  1867,  a  body  of  Laws  of  Botanical  Nomenclature, 
which  he  had  drawn  up  for  consideration  by  that  assembly. 
The  code  was  discussed  by  a  special  committee,  afterward  by 
the  Congress*  in  full  session,  some  modifications  introduced,  and 
it  was  then  all  but  unanimously  voted,  "  by  about  one  hun 
dred  botanists  of  all  countries  f^  "  That  these  Laws,  as  adopted 
by  this  Assembly,  shall  be  recommended  as  the  best  guide  for 
ifomenclature  in  the  Vegetable  Kingdom."  The  adopted  Code, 
with  an  extended  Commentary,  was  published  by  DeCandolle 
early  in  the  autumn  of  the  same  year ;  and  an  English  Trans- 
lation, made  by  the  lamented  Dr.  Weddell,  appeared  early  in 
1868.  The  "Laws,"  but  without  the  more  voluminous  ex- 
planatory commentary,  were  reprinted  from  the  English  trans- 
lation in  this  Journal  in  July  of  that  year,  occupying  only 
twelve  pages ;  and  some  remarks  and  suggestions  by  the 
present  writer  were  appended.  As  was  then  said,  the  code  did 
not  make,  but  rather  declare,  the  common  law  of  botanists.  It 
announced  principles,  systematically  and  perspicuously,  and 
indicated  their  application  in  leading  cases;  but  many  prac- 
tical questions,  as  well  as  conflicts  of  rules  in  particular  in- 
stances, which  would  inevitably  come  up,  were  necessarily  left 
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to  be  settled  when  they  arose.  No  small  diacnssion  upoD  cer- 
tain details  has  in  fact  ensued,  in  which  our  author,  naturally 
appealed  to,  has  taken  an  active  part. 

In  the  first  part  of  the  present  publication  (of  79  pages,  8vo), 
the  discussions  of  the  intervening  years  are  summea  up  and 
reviewed  ;  and  a  few  changes,  which  experience  has  shown  the 
need  of,  are  proposed.  In  the  second  part  the  author  takes  up 
certain  questions  which  the  Paris  Congress  left  untouched, 
such  as  the  nomenclature  of  organs  (which  he  bad  treated  in 
his  recent  Phytographie\  the  nomenclature  of  fossils,  and  the 
rules  according  to  wnich  names  and  authorities  should  be  cited 
when  old  genera  are  combined  or  reconstituted ;  also  some 
matters  of  orthography  and  punctuation  are  briefly  considered. 
Finally,  in  a  third  part,  the  Laws  adopted  by  the  Paris  Congrew 
are  reprinted,  with  the  suggested  cnanges.  The  alterations 
and  additions  are  printed  in  italic  type,  so  that  they  may  be 
seen  at  a  glance. 

We  are  not  sure  of  an  English  edition  ;  and  in  any  case  it  is 
desirable  to  make  so  important  a  publication  as  this  generally 
known  to  our  own  naturalise.  So  our  abstract  and  comments 
may  run  to  some  length.  They  are  intended  partly  to  illus* 
trate  and  reinforce  the  author's  doctrine,  in  respect  to  matters 
upon  which  there  is  still  diversity  of  opinion  and  practice,  per- 
haps occasionally  to  oflFer  a  criticism  or  .suggestion ;  also  as 
helps  and  guides  to  botanists  in  our  own  country,  who  are 
beginning  to  take  interest  in  such  matters  and  tx)  feel  (or  at 
least  to  show)  the  need  of  giving  attention  to  them. 

As  respects  all  the  weightier  matters  of  the  law,  the  most 
experienced  phainogamous  botanists  are  in  general  agreement. 
Having  accepted  the  code  of  1867,  they  will  be  ready  to  accept 
proposed  mod ifi cations  and  interpretations  which  are  in  accoril- 
ance  with  its  principles.  Among  them  all,  perhaps  no  one  is 
so  well  qualified  as  DeCandolle,  by  the  bent  of  his  mind  and 
course  of  his  studies,  his  opportunity  of  leisurely  considera- 
tion, and  his  long  editorial  experience — combining,  as  it  may 
be  said  to  do,  that  of  two  generations, — for  declaring  what  the 
present  consensus  of  authority  is,  and  for  discussing  the  cases 
which  still  need  adjustment,  some  of  them  of  considerable  con- 
sequence in  phytography. 

At  the  head  of  the  publications  upon  nomenclature  emanat- 
ing from  or  sanctioned  by  associations  or  committees  of  natu- 
ralists, which  have  appeared  since  the  year  1867,  DeCandoIle 
places  the  Report  to  the  American  Association  for  the  Advance- 
ment of  Sei(ince,  at  the  Nashville  meeting,  1877,  on  Nomen- 
clature in  Zoology  and  Botany,  prepared  by  Captain  Dall, 
after  much  conference  with  leading  American  naturalists.  The 
dilTerences  between  these  rules  and  those  of  the  botanical  code 
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Qainly  to  questions  mooted  by  the  zoologists,  whose  sys- 
.nd  views  had  been  comparatively  loose  and  variant. 
•St  alteration  in  DeCandolle's  revised  draft  is  adopted 
all's  report,  with  high  commendation,  viz :  in 
L  3.  The  essential  point  in  all  parts  of  nomenclature 
tiiy  in  names ;  2.  Avoidance  or  rejection  of  forms  or 
which  may  create  error  or  ambiguity  or  introduce  con- 
into  science."  The  clause  in  italics  is  taken  from  the 
;an  code,  and  is  said  to  supply  a  real  omission.     Al- 

merely  declaratory,  some  practical  consequences  flow 
b.  The  same  idea  dominates  in  the  Report  made  by 
le,  chairman  of  a  committee  of  the  Geological  Congress 
)gna  in  1881,  and   which  concerned  itseli  with  nomen- 

in  paleontology.  This  report  insists  that  **  The  law  of 
r  being  fundamental  in  nomenclature,  it  appears  to  be 
ry  to  apply  it  with  all  possible  generality  and  to  sup- 

erogations  and  exceptions  to  this  law Contradic- 

itween  the  signification  of  a  name  and  the  characters  of 
s  or  species  is  no  sufficieAt  reason  for  changing  such 
etc. 

bher  code  referred  to  is  one  by  a  committee  of  the  Zoo- 
Society  of  France,  in  1881,  M.  Chaper,  chairman,  in 
this  principle  of   fixity  is  said  to  be  less  prominent, 
xceptions  being  allowea. 

•eviewing  the  whole  field,  DeCandolle  assures  us  that 
idency  during  the  last  sixteen  years  has  been,  1,  to  an 
ing  agreement  of  the  zoologists  with  botanists,  and  2,  an 
ing  recognition  of  the  law  of  priority  as  the  fundamental 
le  in  nomenclature,  and  as  prevailing  over  considerations 
ance,  linguistic  purity,  and  precise  meaning.  But  some 
publications  of  individual  botanists  look  the  other  way; 
r  SO  two  publications  by  Saint-Lager,  RSforme  de  la 
:lature  Botanique  and  Nouvelles  R^iarques  sur  la  Nomen- 
Botaniquey  published  at  Lyons,  in  the  Annals  of  the 
;al  Society  of  that  city ; — of  which  it  may  be  said,  that 
ex  eflect  of  the  multitudinous  changes  proposed  in  the 
r  making  old  and  accepted  names  better,  more  classical, 
3  significant,  has  greatly  strengthened  the  hands  of  those 
)ntend  for  the  absolute  fixity  and  unalterableness  of 
ed  namea  Whether  and  to  what  extent  misspelled  or 
ise  wrongly  formed  names  may  be  corrected,  and  whether 
e  cases  the  principle  of  fixity  should  not  prevail  over 
e  priority,  are  matters  which  may  be  discussed  further 
7e  take  up  in  the  author's  order  the  points  which  we 
•  specify  or  to  comment  on. 

3le  6  of  the  code  declares  that  "  scientific  names  should 
<atin.     When  taken  from  another  language,  a  Latfti  ter- 


m 

miiiatioD  is  given  to  themi  except  in  some  oaaoB  laiiolioiied  hf 
oudtom."  Eiere  oar  author  uks^  ** bnt  wbat  Latin?"  He  eoa* 
dudes  that  the  Latin  of  Unnsens  should  be  the  modeL  lit  ii 
the  classical  language  of  botany,  and  is  much  mors  meoiae  this 
the  Latin  of  antiquitfi  in  which  very  many  woraa  bear  tvo^ 
three,  or  hajf  a  do0en  sensesi  either  in  the  same  or  in  dtflEeieitt  ^ 
ages;  while' in  the  technical  language  of  botany  eaoh  word  Iw 
but  one  meaning,  and  eaoh  idea  or  object  is  ozpressed  bj  t 
single  term.  IMjbmdolle  elaborated  this  point  in  bis  Fhyk^ 
^phy»  to  whic^  he  refeis  for  illustrations ;  and  be  retains  to 
1%  m  special  aii||g|iQations,  when  commenting' on  art. ^68,  u  we 
shall  see.  But^  m  facti'even  technicid  language  cannot  slwtjri 
avoid  ambiguities  and  the  use  of  words  in  senses  whidi  hm 
to  be  determined  by  the  context  Folium^  toft  example^  is 
botanical  descriptioni  may  mean  the  blade  of  a  leaf  odIj, 
or  this  alon§^  wita  its  petioiei  or  blade  with  petiole  and  stipofal 
tc;getheri  or  it  may  even  mean  any  homologue  of  the  ordinuj 

'*  Art  16.  Bach  natural  group  of  plants  can  bear  in  SMsee 
bu!t  one  valid  designation,  the  most  ancient,  whether  sdoplMl 
or  given  by  Linnsdus,  or  since  Linnsdus, — ^provided  it  b^  OQe> 
sistent  with  the  essential  rules  of  nomendatura"  DeOsodoBl 
now  adds  an  artide  16^*,  which  is  purdy  explanatory,  batbi 
a  bearing  upon  subordinate  questions.  It  is :— **'  The  derignfr 
tion  of  any  group,  by  one  or  more  names,  has  not  for  its  object 
the  enunciation  of  its  characters  or  history ;  it  gives  merely  the 
name  by  which  we  are  to  call  it."  He  comments  upon  the  ten- 
dency which  is  often  shown  to  mix  up  the  question  of  name 
with  quite  other  considerations.  Before  Linnaeus  introdaced 
the  binomial  system,  the  names  of  species  were  at  the  same 
time  names  and  characters.  In  separating  these  two  things, 
Linnaeus  rendered  a  great  service,  and  we  should  be  carefnl  to 
preserve  this  advantage.  ^*  A  name  is  a  name;  characters  are 
characters ;  the  succession  of  names  is  synonymy.  To  mingle 
such  different  ideas  leads  to  confusion.  In  these  days  there  is 
a  disposition  to  attribute  too  much  importance  to  the  meaning 
of  names,  and  also  to  intermix  the  synonymy — i.  e.  the  biblio- 
graphical history  of  the  groups — with  the  names,  at  least  with 
the  indication  of  the  author,  which  being  commonly  annexed 
comes  to  be  almost  a  part  of  the  same.  Such  complications  are 
contrary  to  the  general  principle  that  different  ideas  should  be 
expressed  separately.  If  this  rule  is  neglected,  we  may  be  led 
into  attempts  to  express  in  the  name,  or  with  the  name,  the 
phytogenetic  history  of  a  group,  that  being  just  now  one  of  the 
ideas  in  vogue."  Names  that  have  an  appropriate  meaning  are 
very  well,  and  botanists  always  endeavor  to  make  soch ;  but 
experience  shows  that  meaningless  names  are  in  some  reqpeeto 
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better, — are  generally  better  than  names  founded  on  ideas, 
which  in  the  progress  of  knowledge  often  become  false.* 

DeCandolle's  main  remarks  upon  art.  15  relate  to  the  point 
of  departure  for  the  law  of  priority  in  botany.  The  names  of 
the  two  great  classes,  Monocotyledones  and  Dicotyledones,  are  of 
Ray  in  1703,  who  scientifically  distinguished  and  named -them. 
The  counterpart  Acotyledones  is  of  Jussieu  (1789),  and  to  all 
three  names  our  author  would  apply  the  law  of  priority.  That 
the  name  Acotyledones  fails  to  express  the  true  character  is  a 
small  objection.  This  is  only  an  example  of  the  disadvantage 
of  significant  names,  which  may  lose  aptness  in  the  advance  of 
knowledge.  Far  better  are  such  names  as  Aves^  Pisces,  Vermes, 
etc.,  which  time  and  discovery  can  never  falsify.  Cryptogamia 
as  the  name  of  a  class  (which  for  meaning  is  hardly  so  good  as 
Acotyledones)  was  introduced  by  Linnaeus  in  1735,  and  has 
maintained  its  place.f  The  counterpart,  Phanerogamia  (or 
Photnogamia),  is  not  of  Linnaeus,  but  much  later.  Natural 
Families  or  Orders  date  from  Jussieu's  Genera  Plantarum,  in 
1789.  Cohorts  and  Tribes  from  A.  P.  DeCandoIle's  Systema, 
1818.  Subgenera  begin  with  R.  Brown,  in  1810,  according  to  our 
author.  There  are  a  few  instances  (without  the  name)  in  the 
Prodromus  Fl.  N.  Holl.  But  it  is  in  the  Oudney  and  Denham- 
Clapperton  paper,  in  1826  (p.  16),  that  their  use  is  discussed, 
and  the  mode  of  designating  them  in  citation  (by  interpolation 
between  generic  and  specific  name  in  parenthesis)  is  introduced. 
Species  (as  distinguished  from  varieties)  and  the  actual  bino- 
mial nomenclature  date  from  1753,  and  the  first  edition  of  the 
Species  Plantarum.  There  is  substantial  agreement  among 
botanists  as  to  this  point  of  departure ;  and  the  fact  that  the 
specific  phrase  of  earlier  authors  is  occasionally  of  a  single 
adjective  does  not  militate  against  it.  Oalega  vulgaris,  Lappa 
major  and  Trifolium  agrarium  of  the  old  herbalists  were  in  good 
binomial  form ;  but  the  adjectives  are  phrases,  not  specific  names. 

Generic  names  bring  in  a  question  of  interpretation  and  usage. 
In  his  table,  DeCandolle  makes  the  point  of  departure  for  pri- 
ority, Linnaeus,  Genera  Plantarum,  ed.  1,  1737.  All  agree,  or 
should  agree,  that  no  anterior  name  has  right  of  priority  to  a 
Linnean  name  or  to  a  name  adopted  by  Linnaeus.  But  as 
respects  generic  names  adopted  by  him,  are  we  to  follow  Lin- 
nseus  or  are  we  not?  He  says,  *'  Tournpfortius  primus  charac- 
teres  genericos  ex  lege  artis  condidit.'*     A  nd  in  the  Genera  Plan- 

•  Or  may  be  essentially  false  fiora  the  beginning.  One  of  our  common  Maples 
has  two  names,  Acer  dasycarpwn  and  A.  eriocarpuja,  both  signifying  that  the 
fruit  is  woolly,  whereas  it  is  perfectly  glabrous;  only  the  ovaries  are  woolly. 
Tet  no  botanist  has  ever  proposed  to  change  the  received  name, — which  is  re- 
markable. 

f  On  p.  68  DeCandolle  has  collected  nineteen  synonyms  of  the  name  Crypto- 
§mnia,  iJl  of  later  date,  and  specified  the  objections  which  may  be  brought  against 
#ttdk  of  them,  beaidee  that  of  want  of  priority. 
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tarum  :  "  Ipsi  non  immerito  inventionis  gloriara  circa  genera 
conceclere  debeara/' — and  so  he  unifornnly  accredits  to  Tourne- 
fort  the  generic  names  adopted  from  him  ;  and  the  same  as  to 
*'  Plumerius,  .  .  .  Vaillantins^  Dillenius^  ....  Michelius  et  pauci 
alii/*  "qui  ejus  vestigia  presserunt."     DeCandoUe  remarks  that 
Tournefort  had  the  merit  which  Linneeus  ascribes,  but  that 
**  he  kept  a  good  many  adjective  names  for  genera  (Jcetow, 
Bermudiayia,  etc.)."     Since  Linneeus  did  not  adopt  these,  they 
are  out  of  the  present  question.     Moreover,  not  to  speak  here 
of  a  score  or  two  of  really  adjective  generic  names,  Linnaeus 
himself  adopted  two  which  Tournefort  had  discarded,  Atirabilu 
and  ImpatieiiSy  and  deliberately  made  another,  Oloriosay  in  place 
of  a  proper  name,  Methonica^  of  a  sort  which,  though  not  of  the 
best,  is  now  regarded  as  next  to  the  best     But  it  is  completely 
understood  that  Linnaeus  is  not  to  be  corrected ;  so  Oloriosa^ 
Impaiiens,  etc.,  remain.     Are  we  equally  to  follow  Linnaeus  in 
regard  to  names  which  he  adopted  from  Tournefort  and  a  few 
later  authors,  some  of  them  his  own  contemporaries?     If  so,  we 
shall   continue   to   write   Salicornia   Tourn.,    Cartspermum  A. 
Juss.,  Oka  Tourn.,  Justicia  Houst.,  Dianthei^a  Gronov.,  Lycojm 
Tourn.,  Linncpu  Gronov.     The  practice  of  the  leading  botaDista 
has  been  essentially  uniform  in  this  respect,  from  Jussieu  down 
to  DeCandolle,  father  and  Son,  even  to  the  latest  volume  of  the 
Monographia,   published  during  the  current  year.     It  seems 
perfectly  clear,  therefore — although  we  believe  the  question  is 
not  raised  in  this  revision — that  sucli  genera  are  expected  still 
to  be  cited  as  of  their  respective  founders.     And,  as  hardly  any 
one  doubts  that  Tournefortian  genera  suppressed  by  Linnaeus 
but  restored  l)y  modern  botanists  (such  as  Fagoivjrum)  are  to 
be  cited  "Tourn.,"  it  follows  that  only  in  a  restricted  sense  do 
crenera  begin  with  Linnanis  in  the  year  1787.     This  case,  indeed, 
is  governed  by  the  principle  in  citation,  so  well  insisted  on  by 
M.  de  Candolle,  that  no  author  is  to  be  represented  as  saying 
the  thing  that  lie  does  not  say.     The  alternative  course  is  to 
write  ''  Linnoea  Linn.,  whicli  is  certainlv  what  Linna3us  has  not 
said.     The  only  authors  we  know  of  who  have  on  principle 
followed  this  alternative — and  a  notable  exception  it  is— are 
Bentham  and  Hooker  in  the  new  Genera  Plantarura,  against 
which  a  protest  was  made  in  this  Journal  when   the  first  part 
was  issued.     They  have  followed  ihe  rule  that  botanical  genera 
began  with  Linnious  so  strictly  as  to  cite  even  authors  as  recent 
as  Ga^'tner  for  Tournefortian   genera,  and   to  ignore  botanisL^ 
like  Gronovius,  contemporary  witli   Linnauis,  and    publishing 
since  the  vear  1737;  and   it  is  onlv  by  an   infraction  of  their 
rule  that  thev  have  avoided  vvritinor  Linncea  Linn. 

No  change  of  rule  15  seems  actually  required  to  bring  it  into 
unison  with  the  almost  universal  practice  in  citation.     We  have 
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to  understand  that  genera  adopted  by  Linnaeus  from  Tour- 
rt,  etc.,  and  so  accredited,  should  continue  to  be  thus  cited; 
the  date  1737  (Linn.  Genera,  ed.  1),  is,  indeed,  the  point  of 
•rture  from  which  to  reckon  priority,  yet  that  botanical 
ra  began  with  Tournefort;  so  that  Tournefortian  genera 
jh  are  accepted  date  from  the  year  1700.  That  is  the  limit 
I  by  Linnaeus,  and  it  definitely  excludes  the  herbalists  and 
ancients,  whose  writings  may  be  consulted  for  historical 
idation,  but  not  as  authority  for  names, 
pon  articles  21  and  22,  which  give  rules  for  the  names  of 
rs  and  other  supra-generic  groups,  our  author  offers  no 
remarks.     We  venture  to  offer  two.     It  being  the  general 

that  acecB  is  the  proper  termination  for  ordinal  names 
ih  take  their  appellation  from  a  typical  genus,  it  is  desir- 
to  conform  to  it  as  fully  as  well  may  be.*  Since  Saxifra- 
e,  Myrsineacece,  Slyracacece^   Oentinacece,  NyctaginacecB^  and 

Lauracece  and  Juglandacece  were  adopted  in  the  Prodro- 

it  seems  to  us  retrograde  and  unadvisable  to  have  gone 
:  in  the  new  Genera  Plantarum  to  Saxtfiagece,  and  the  like; 
this  upon  no  obvious  principle,  as  we  have  Samydacem^  Cor- 
B,  etc.,  brought  into  harmony  with  the  rule.  And  if  in  the 
Iromus  we  have  StyracacecB^  why  riot  also  Salicacecef     And 

the  Genera  Plantarum,  Styrax  could  take  the  axxce  termi- 
)n  as  Siyracece,  why  not  as  Slyracacecef  If  it  be  objected  that 
5  such  terminations  have  an  unclassical  aspeet,  this  objec- 
applies  all  the  more  to  the  cases  under  our  second  remark  : 
lely,  that  too  rigid  adherence  to  the  rule  that  names  of 
►rders,  tribes,  etc.,  shall  end  in  -ece  and  the  like,  gives  us 
ly  unpronounceable  words  of  four  or  five  consecutive 
els,  or,  when  the  diphthongs  are  printed  in  separate  letters, 
rding  to  a  prevalent  fashion,  one  or  two  more.  Of  these — 
lipth thongs  written  out — Sauraiijeae^  Spiraeeae^  Oatesbaeeaey 
neeae,  Thyrneleeae,  and  Moraeeae  are  the  worst  instances, 
would  justify  any  infraction  of  rules-f  The  last  and  one 
ae  worst  would  have  been  avoided  by  writing  the  ordinal 
e  IridacecE^  when  that  of  the  tribe  would  have  been  Iridete. 
les  are  to  be  spoken  as  well  as  read,  and  botanists  who 

Yuci/erce,  LeguminosoR^  UnibeUiferoe,  ComposiUXj  LdbiatcB^  and  the  like,  are 
iceptioD  to  the  rule,  rightly  stated,  a4i  they  are  not  named  from  typical 
a.     We  shall  not  hare  any  more  of  them,  but  the  old  ones  in  use  are  among 
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ar  better  to  write  SpircBoceoe,  with  DeCandoUe.     The  use  of  this  termina- 

or  tribal  names  need  not  be  objected  to  by  those  who  take  little  pains  to  use 
orders.     And  those  of  us  who  are  careful  so  to  employ  it,  would  prefer  its 

ional  use  for  tribes  and  suborders  to  the  concatenation  of  vowels,  which  it 
easy  to  write  and  almost  impossible  to  pronounce.  Some  quite  unnecessary 
names  in   acecR,  such  as   Vemoniacece  and  EupatoriacecBj  adopted  by  De-> 

>lle  from  Lessing,  are  kept  up,  although  exceptional. 


have  to  teach  think  more  of  these  thingp  ihaa  those  who  odIj 
write. 

At  the  head  of  his  remarks  upon  generic  names  (art.  S6,  et 
seq.),  onr  author  commends  to  otner  naturalists  the  verj  chir 
,  directions  idven  in  the  rules  for  Zoological  Nomendatan^ 
edited  by  Dall,  for  rendering  Oreek  letters  into  LaliD  in  tiie 
construction  of  generic  and  q)eciflc  namea  He  notesp  Inqr* 
ever,  that  the  rendering  of  9  by  €  is  not  in  fall  accordance  with 
Latin  usage,  as  witness  HbtiM&M^  tfto&oltba.  SeaAea,  ele» 

Art  2o  of  the  code,  which  is  reprintea  without  alleiatioB 
or  coMment^  consists  of  a  series  of  reoommiendatkNis  of  pci&ti 
to  be  attended  to  in  the  construction  of  oenmic  namea  M 
such  names  are  to  be  "in  Latin,^  it  woulcT  have  bora. well  l» 
recommend  that  in  their  formation  Anom  the  OredCi  from  wUeh 
most  of  them  are  now-a-davs  drawm  tiie  principles  of  Litii 
prosody  should  not  be  wholly  isnored.  Such  names  as  IVmW* 
elSdus  and  Anei9ir6clSdu$  would  have  been  eu{^onioas  ss  }(i 
"^diodadia  and  Andairodadia^  and  very  little  longer.  AoojM' 
pSnaa^  DufymSpSnax^  IHrnarphMMmw^  liigoniSilSmjfi.  isb* 
odoSlyx^  Ancifooealyx^  JMUcSfy^^  MkroMaris^  and  the  liks^  in 
harder  to  pronounce  than  the  makers  probably  thought;  ssi . 
so  of  many  others. 

Otie  of  the  actual  recommendations  is  *^  llviter  les  nooi 
a^eotifs."  This  in  Weddell's  version  is  translated,  "  To  avoid 
adjective  nouns:"  doubtless  a  wrong  translation.  Adjective 
nouns  we  take  to  be  substantives  which  are  directly  rormed 
from  adjectives.  Not  many  such  are  likely  to  be  made  for 
genera ;  but  if  such  good  ones  can  be  constructed  as  tho«e  we 
already  have  in  Nigella^  Amarella^  Flaveria^  Chlora,  Ruhia^ 
Leucas  and  Hyptis^  they  will  not  be  objected  to.  Clearly  the 
recommendation  is  to  avoid  adjective  names  for  genera.  That 
may  be  done  for  the  future,  but  has  not  been  done  in  the  past' 
They  are  contrary  to  the  rule  of  Linnaeus,  but  not  to  his  prac- 
tice. Not  to  refer  again  to  Oloriosa,  Mirabilis^  and  Impatims^ 
at  least  two  score  of  obviously  adjective  names  for  genera  may 
be  counted  in  the  firpt  edition  of  the  Genera  Plantarum, — such 
as  ArenariUj  Stellaria,  Utricularia,  Dentaria,  AsperulOj  AngeHea^ 
Trienialisy  Pedicularis^  Digitalis,  and  from  the  Greek  such  as 
Polycarpon.  Amphicarpum  and  Miiracarpum^  are  recent  names 
of  this  kind.  To  conform  the  rule  to  the  fact  it  were  better  to 
state  that :  generic  names  are  either  substantives  or  adjectives 
which  may  be  used  as  substantives,  the  latter,  mostly  feminine 
in  gender.  Angelica  is  understood  to  be  Planta  Angelica,  San- 
guinaria,  Planta  sanguinaria,  etc. 

It  is  recommended  **  To  avoid  making  choice  of  names  used 
in  zoology.  But  it  has  become  nearly  impossible  to  follow  this 
advice,  nor  is  it  now  thought  to  be  important. 
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Article  33  is  suppressed.  It  was  no  more  than  a  statemeDt 
of  the  custom  that  personal  names  for  species  were 'to  be  nouns 
in  the  genitive  (e.  g.  Clusn)  when  the  person  commemorated  was 
a  discoverer,  describer,  or  an  illustrator  of  the  species,  but 
were  in  adjective  form  (e.  g.  Clusimm)  when  the  name  was 
merely  complimentary.  The  rule  sometimes  worked  awk- 
wrardly  ;  for  many  personal  names  do  not  take  kindly  to  latini- 
^tion  in  the  genitive  form,  which  are  sufficiently  euphonious 
IS  adjectives  in  -ava  or  -anum  ;  and  it  is  well  to  do  away  with 
i  needless  restriction. 

Art.  34,  which  recorded  the  fact  that  many  names  of  species 
ire  substantives,  is  the  subject  of  a  few  remarks,  called  out  by 
the  publication  of  Saint-Lager,  in  which  it  is  proposed  to 
jhange  all  these  into  adjectives, — a  proposition  which  botanists 
we  not  likely  ever  to  adopt.  Some  of  them  are  among  the 
best  of  descriptive  names,  e.  g.  StelUiria  nemorum,  Convolvulus 
sepium,  Rhus  vernix,  Chamosrops  hystrix  (and  such  should  be 
written  without  a  capital  initial);  those  which  are  proper; 
names,  either  old  names  of  genera  or  of  the  herbalists,  are 
rightly  said  to  be  significant  either  of  the  absorption  of  a 
former  genus,  or  of  a  transference,  or  as  preserving  a  native 
appellation,  or  as  indicating  a  likeness.  "  Digitalis  Sceptrum 
means  a  Digitalis  which  had  been  called  Sceptrum ;"  Ardisia 
Pickeringiay  a  species  of  this  genns  which,  mistaken  by  Nuttall 
for  a  new  one,  had  been  named  Pickeringia  ;  Rudbeckia  Heliop- 
sidis^  a  Rudbeckia  facie  Heliopsidisj  from  its  resemblance  to  a 
Heliopsis,  Linnaeus  gave  us  many  such  names;  and  no  suffi- 
cient reason  appears  either  for  discarding  these,  or  for  forbid- 
ding the  discreet  adoption  of  new  ones.  But  we  cannot  com- 
mend such  a  name  as  Senecio  Bhot  for  a  species  indigenous  to 
Bhotan. 

Art.  36  consists  of  a  series  of  recommendations  for  the  for- 
mation or  adoption  of  specific  names.  Its  fifth  subarticle  we 
may  refer  to  in  another  connection,  viz :  along  with  Art.  48. 
The  recommendation  to  "Name  no  species  after  one  who  has 
neither  discovered,  nor  described,  nor  figured,  nor  studied  it  in 
any  way,"  should  be  respected  ;  yet  there  are  occasions  for  de- 
parting from  it,  especially  in  case  of  new  species  in  very  large 
genera.  ExceUent  and  sometimes  needful  is  the  advice  to 
**  avoid  names  designating  little  known  or  very  limited  local- 
ities." We  are  obliged  to  cite — happily  as  a  synonym — 
**  Helenium  Seminar ieiise,''  published  by  a  professor  who  thought 
he  had  discovered  a  new  species  of  Helenium  in  the  vicinity 
of  the  "seminary,"  in  one  of  our  Southern  States,  where  he 
taught  botany. 

Article  40,  suggested  that  names  of  varieties  originated  in 
cultivation,  and  still  more  half-breeds  and  sports  (so  important 
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for  hortioiiltariBts  jto  distiDgaish),  sboald  ha?e  only  fiuioyHignMi^ 
generally  vernacalary  and  in  some  form  as  diffident  m  poaribb 
from  ihe  Latin  apeci^o  namea  of  botany, — names  wfaioDf  wim 
neddfnl.  may  be  appended  to  the  botanioal  name  of  the  ^msm 
when  that  is  known,  e.  g*  -^  Pshrganium  sonofe,  Mrs.  P^UodL" 
This  baa  been*  seoondm  by  the  editor  of  the  Oaideoeo/ 
Obronicle  and  otbe^  judioions  experts,  and  is  sloiHy  ouikim 
Its  way. 

Article  42,  treating  of  the  oonditiona  of  publieiijri  is  Ihesiib* 
jeot  of  additional  remarks.  The  mle  is,  that  "PaUiealkm  eoo* 
sists  in  the  sale  or  the  distribation  among  the  pabHo  of  priatBd 
matter,  plates,  or  aatographs.  It  consbts^  likewtM^  itt  mi  sib 
or  distribution,  among  the  leading  public  colleeticmsi  ci  luam^ 
bered  specimens,  accompanied  by  printed  or  autoffmh  tiefcili^ 
bearing  the  date  of  the  sale  or  distaibntion."  DsOaodoIle  aev 
remarks  that  distribation  among  the  members  ol  an  eoce&aigi 
dab,  jof^  collections  not  offered  to  the  public,  does  not  ooms  ip 
lo  the  rule ;  also  that,  as  Dr.  J.  MtUler  states,  ihe  distribaliot 
of  specimens  without  character!  or  any  indication  of  the  n^iia 
for  calling  it  new,  is  nearly  tantamount  to  announcitig  ^  spsM 
or  genus  in  a  publication,  but  without  characters;  n^dch  i^ 
46  declares  is  not  publication.  But  the  cases  areat^osili 
alike.  The  possession  of  the  named  specimen  eoableB  a  iwl^ 
anist  to  ascertain  its  distinctions.  A  published  desoriptioi 
without  access  to  specimen  may  or  may  not  serve  the  same 
purpose,  very  often  does  not  tJ nfortunately  an  insufficient  or 
even  a  misleading  description — and  we  have  many  such  to  deal 
with — claims  the  same  right  of  priority  that  a  good  one  does. 
It  is  well,  therefore,  that  publication  by  sufficient  distribution 
of  named  specimens  should  be  recognized.  But  the  remark  is 
true  that,  in  fact,  very  few  distributed  collections  fulfill  ail  the 
requirements  of  Article  42. 

Article  47,  sect.  2,  recommends  botanists  "To  publish  no 
name  without  clearly  indicating  whether  it  is  that  of  an  order 
or  of  a  tribe,  of  a  genus  or  of  a  section,  of  a  species  or  of  a 
variety, — in  short  without  giving  an  opinion  as  to  the  nature 
of  the  group  to  which  the  name  is  given."  Unless  this  is 
attended  to,  and  unless  citations  are  equally  precise, — for  in- 
stance, unless  subgeneric  names  are  cited  as  such  and  not  as 
generic,  and  vice  versa^ — much  confusion  in  synonymy  and  in 
indexes  will  ensue. 

Article  48,  on  the  citation  of  the  authority  for  generic  and 
specific   names,   and   matters    therewith    connected,   involves 

?uestions  which  have  been  more  disputed  than  any  other, 
n  the  revised  article  the  phrase  printed  in  italic  type  is  inte^ 
polated:  **For  the  indication  of  the  name  or  names  of  any 
group  to  be  accurate  and  complete,  and  for  the  ready  verijica' 


A.  Gray — Botanical  Nomericlatwre,  427 

iion  of  the  date,  it  is  necessary  to  quote  the  author  who  first 
published  the  name  or  combination  of  names."*  The  statement 
might  be  simplified  by  omitting  **or  names"  and  *'or  combina- 
tion of  names,"  on  the  ground  that  the  name  of  a  plant  is  one, 
that  it  has  a  name,  not  names,  ita  name  being  the  generic  fol- 
lowed by  the  specific  appellation.  Ranunculus  bulbosus  is 
one  name  of  two  words.  Our  veteran  botanist,  Bentham,  has 
insisted  upon  this;  and  it  has  a  bearing  upon  the  mooted  ques- 
tion of  mode  of  citation  of  authority. 

The  governing  principle  for  citation  of  authorship,  etc.,  is 
well  declared  by  DeOandolle:  *' Never  mate  an  author  say  that 
which  he  does  not  say."  It  is  difficult  to  go  wrong  when  this 
principle  is  kept  in  mind,  and  when  it  is  also  understood  that 
the  appended  name  of  an  author,  or  its  abbreviation,  makes  no 
part  of  the  name  of  the  plant,  but  is  only  the  initial  portion  of 
its  bibliography.  Those  who  take  a  diflferent  view  seem  to 
have  fallen  into  it  by  failing  to  distinguish  strictly  between 
name  and  history,  and  especially  by  mixing  the  history  of  a 
preceding  with  the  statement  of  an  actual  name.  A  single 
example  may  illustrate  this.  When  we  write  ^^Mathtola  tn'stis 
Brown,"  we  give  the  name  of  a  certain  kind  of  Stock  and  the 
original  authority  for  it ;  and  we  may,  when  needful,  complete 
the  citation  by  adding  the  name  of  the  book,  with  the  volume 
and  page,  where  it  was  first  published.  If,  with  some,  we  write 
^^Afathiola  trislis  Linn.,"  we  make  an  untrue  statement  Lin- 
nsdus  had  a  wholly  different  genus  Afathiola^  and  no  M.  tristis. 
If  we  add  "sp."  and  somewhere  explain  its  import  to  be  that 
the  latter  half  of  the  name  was  given  by  Linnaeus,  the  other 
half  remains  unaccounted  for.  4nd  we  have  still  to  seek  in 
.the  synonymy  for  the  name  of  the  genus  under  which  Linnaeus 

*  M.  de  CaadoUe  appears  to  insist  upoD  this  verification  (or  incipient  verifica- 
tion)  for  higrher  groups  as  well  as  for  genera  and  species,  and  would  deprecate 
the  not  unusual  custom  in  compendious  floras,  catalogues,  etc.,  of  omitting  to  cite 
the  authority  for  orders,  suborders,  tribes,  etc.  We  should  agree  with  him  if  the 
omission  was  held  to  signify  that  the  names  of  the  groups  in  question,  when  thus 
■imply  given,  were  proposed  as  new.  But  iti  fact,  authority  is  omitted,  not  i)ecause 
the  groups  are  new,  but  because  they  are  old  and  entirely  familiar.  Nobody 
will  ever  suppose  that  BanunctUacecR,  GlematidecR^  etc.,  nakedly  written,  are  nov- 
elties. In  this  regard,  the  nature  and  plan  of  the  publication  are  to  be  consid- 
ered ;  what  is  necessary  in  a  Systema  or  a  Genera  Plantarum  may  be  superfluous 
iu  a  local  or  a  compendious  work.  Indeed,  it  may  be  nearly  impossible  to  assign 
the  authority  for  the  name  of  an  order  correctly,  without  explanation  and  ex- 
tended references.  One  would  wish  to  write,  succinctly,  Comaceie  D('.,  as  De- 
Oandolle founded  the  order,  but  it  was  in  the  form  CorneiB.  A  well-known  order 
was  instituted  as  Onagrce  Ju8s.,  Gen.  PL,  which  the  founder  altered  to  Onagrarice; 
for  reasons  referred  to  in  this  article  we  may  wish  to  adopt  the  form  OnagraceoB. 
As  all  this  is  most  familiar  matter,  yet  may  not  be  correctly  stated  without  some- 
what detailed  exposition,  why  not  in  a  local  or  condensed  botanical  book  write 
simply  Onagracemf  The  proper  exposition  is  in  place  in  a  Genera  Plantarum ; 
and  it  would  have  been  better  if  Bentham  and  Hooker  had  critically  attended  to 
this,  instead  of  referring  merely  to  the  preceding  work  of  Endlicher.  It  would 
have  added  somewhat,  yet  not  very  much,  to  their  great  labor. 
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knew  tlie  pltmt,  and  also  for  that  of  the  author  who  transferred 
it  to  Mailiiola,     If,  with  others,  we  write  ^^  Mailiiola  tristis  Linn, 
{Cheiranthusy  or  ^^Matkiola  iristis  Linn,  (sub  Clieiro.niho)^'  our 
longer  phrase  still  wants  the  essential  part  of  the  citation.     If, 
to  secure   this,    we    write  ^^MaOiiola  tristis   Linn.  {Cheirantkm 
Brown),"  our  name,  if  it  may  be  so  called,  now  extended  to 
five  words  and  two  signs  in  print,  or  of  seven  words  when 
spoken,  is  still  ambiguous  and  confused.     It  is  a  jumble  of 
names,  synonym,  and  authorities,  which  become  explicit  and 
clear  only  when  we  translate  it  into   ^^Mathiola  trtstis  Brown 
{CheiranUius  iristis  Linn.),"  that  is,  into  name  and  synonym, 
with  respective  authorities.     This  is  clear  and  literally  truthful ; 
the  injection  of  the  synonymy  into  the  name  is  neither.     Lin- 
naeus reformed   nomenclature  by  freeing  the  name  from  the 
descriptive  phrase.     The  school  in  question  would  deform  it  bj 
rebuilding,  in  another  way  (as  DeOandolle  observes),  ante-Lin- 
nsean  phrases,  only  making  them  historical  instead  of  descriptive. 

The  practice  of  appending  the  authority  to  the  name  when- 
ever a  species  is  mentioned  has  been  so  strictly  and  pedan- 
tically adhered  to,  that  many  take  the  former  to  be  a  part  of  the 
name.  To  obviate  this  impression,  it  might  be  well  to  treat 
the  names  of  common  plants  as  we  do  those  of  genera;  that  is, 
to  omit  the  reference  to  authorship  in  cases  where  there  is  no 
particular  need  for  it.  'Not,  however,  so  as  to  cause  any  confu- 
sion with  the  cases  referred  to  in  the  following  paragraph: 

''  When  a  botanist  proposes  a  new  name  ....  it  is  impossi- 
ble for  liini  to  (Mte  an  author:  consequently  the  ab.sence  of 
such  citation  suJliees  to  show  ihat  the  name  of  the  species  or 
other  group  is  new.  Linnams,  Lamarck,  DeCandolle,  R.  Brown, 
Martins,  etc.,  followed  this  course.  It  is  then  a  useless  com- 
plication oi'  luauy  niod(;}rn  naturalists  to  append  miJii  nohis^  sp. 
uov,,  f/cii.  )/oi\,  etc.,  to  a  new  name.  A  large  majority  of  species, 
genera,  and  families  were  published  without  these  wholly  per- 
sonal indications."  This  is  good  as  a  general  rule;  but  the 
f/en.  7100.  and  an  indication  of  the  order  or  tribe  arc  often  needful. 

No  new  com  men ts  are  made  upon  article  49,  probably  be- 
cause the  pra(;tiee  of  botanists  generally  is  conformed  to  it. 
The  article  reads,  "i\n  alteration  of  the  constituent  characters, 
or  of  the  circutnserij)tion  of  a  group,  does  not  warrant  the  quo- 
tation of  another  author  than  the  one  that  first  published  the 

name When    tiie    alteration    is  considerable,    the  \yords 

mutatis  char.^  or  pro  parte^  or  *:jxJ.  stpi.,  cxcL  np.^  etc.,  are  added, " 
etc.  The  translation  would  have  been  better  worded  "does 
not  warrant  the  (j-.iotation  of  another  author  in  place  o/tlie  one 
that  first  })ublislie(l  the  name."  For,  in  fact,  the  addition  of 
the  reformino-  author's  name  to  the  citation  is  often  warranted 
and   hel|)ful,  sometimes  is  almost  a  necessity,  in   the  case  of 
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^nera.  It  appears  that  R.  Brown  began,  in  an  oblique  way, 
the  practice  objected  to,  and  for  which  there  is  often  a  plausible 
9xcuse ;  and  the  elder  DeCandoUe  sometimes  followed  it.  It 
(7as  only  when  the  practice  was  systematically  carried  out  by 
me  or  two  authors,  that  the  consequences  became  apparent — 
or  few  genera  or  species  have  now  their  Linnaean  limits  or  sig- 
lification — and  the  new  rule  was  practically  proved  to  be  a 
lecessity. 

Among  the  recommendations  contained  in  Article  86  was  the 
ollowing.  **  Readily  adopt  unpublished  names  found  in  trav- 
jler's  notes  or  in  herbaria,  unless  thev  be  more  or  less  defec- 
ive."  Guided  by  the  practice  of  the  elder  UeCandoile  and 
lis  contemporaries,  it  used  to  be  thought  a  duty,  or  at  the 
east  a  part  of  common  courtesy  to  do  this,  in  all  cases  in  which 
ihe  author's  approval  could  fairly  be  supposed.  But  certain 
nconveniences  and  misunderstandings  have  resulted,  especially 
IB  to  hiode  of  citation,  which  have  suggested  its  withdrawal  or 
modification.  In  this  Revision,  M.  deCandolle  only  adds  the 
restriction,  "  or  unless  the  author  has  not  in  advance  approved 
the  publication.*'  This  does  not  alter  the  case,  except  for  liv- 
ing authors :  their  approval  ought  to  be  obtained  or  counted 
on :  and  in  respect  to  authors  no  longer  living  a  botanist  takes 
up  only  such  names  as  in  his  opinion  ought  to  be  published, 
and  which  he  supposes  the  posthumous' author  would  have  ap- 
proved. On  the  whole,  it  were  probably  better  not  to  take  up 
names  left  unpublished  by  a  deceased  botanist;  and  DeCan- 
dolle assigns  good  reasons  for  letting  them  alone.  If  he  had 
modified  the  article  decidedly  in  this  sense  he  would  have  more 
fully  expressed  his  own  view,  and  probably  have  been  sustained 
by  prevalent  opinion.  Moreover,  he  might  have  distinguished 
this  practice  from  an  essentially  diflFerent  one,  viz: — 

The  case  of  plants  sent  under  manuscript  names  by  a  dis- 
coverer or  an  investigator  to  some  botanist  engaged  in  publica- 
tion, and  with  a  view  to  their  publication ; — of  which  the  send- 
ing by  Nuttall  of  new  UmhelliferiB  to  the  elder  DeCandolle 
when  elaborating  that  order  for  the  Prodromus,  is  a  marked 
and  not  unusual  instance.  For  this  is  a  practice  that  need 
not  be  discouraged.  Any  small  inconvenience  that  may  arise 
as  to  mode  of  citation  is  counterbalanced  by  the  greater 
concentration  in  publication,  new  genera  and  species  thus 
appearing  in  monographs,  floras,  or  in  the  papers  of  leading 
botanists,  which  otherwise  would  have  dimly  seen  the  light  in 
obscure  or  local  periodicals.  And  they  are  more  likely  to  have 
proper  characters  assigned  to  them,  instead  of  vague  descrip- 
tions, by  incompetent  or  unpracticed  hands,  such  as  often  try  a 
botanist^s  patience. 

Article  50  treats  of  the  mode  of  dealing  with  such  names  as 
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the  above-mentioned   after  they   have  been   published,   i.  e. 
"  names  published  from  a  private  document,  an  herbarium,  a 
non-distributed  collection,  etc."     It  declares  that  such  names 
'*are  individualized  (Fr.  precisSs)  by  the  addition  of  the  name 
of  the  author  who  publishes  them,  notwithstanding  the  con- 
trary indication  that  he  may  have  given."     This  is  found  to 
mean  that,  although  the  elder  DeCandolle  gives  us  ^*  Eubphus 
Nutt.,"  as  the  name  of  a  genus  communicated  by  Nuttall,  with 
a  specimen,  for  the  purpose  of  its  being  so  published  in  the 
fourth  volume  of  the  rrodromus,  yet  subsequent  writers,  look* 
ing  only  to  the  work  it  was  published  in,  are  to  cite  it  as 
JEuhphus  DC.     And  that  the  genus  which  Linnseus  published 
as  "Linnsea,  authore  Clariss.  ur,  Gronovio,"  we  are  to  cite  as 
Lifincea  Linn.     This  is  not  only  quite  contrary  to  the  r^ular 

[)ractice  of  botanists  from  Linnaeus  down  to  DeCandolle  and 
ater,  but  is  also  contrary  to  the  golden  rule  of  citation,  already 
referred  to,  never  to  make  an  author  say  something  different 
from  or  opposed  to  that  which  he  does  say. 

Appreciating  this,  the  author  of  the  code  has  now  recast 
Article  50,  so  as  to  read,  "When  an  inedited  name  has  been 
published  [by  another  botanist],  in  attributing  it  to  its  author, 
those  who  afterwards  mention  it  ought  to  add  the  name  of  the 
person  who  published  it;  for  example,  Leptocaulis  Nutt.  in  DC; 
Oxalis  lineata  Gillies  in  Hook." 

This  is  reasonable,  and  in  the  first  instance  such  names  will 
almost  of  necessity  be  bo  cited,  must  always  be  so  cited  when 
work,  volume,  etc.,  are  specified.     But,   DeCandolle   remarks 
that    the   addition    will    soon    vanish,    for   instance,    that  the 
"  Cynoglosum  ciliatum  Douglas,  Mss.,''  published  by  Lehmann 
in  Pugillus,  etc.,  and  in  Hooker's  Flora  Boreali  Americana,  will 
soon    come    to    be  quoted  simply  as   '*  Cynoglossum    ciliatum 
Dougl.,"  that  is,  just  as  other  names  are  quoted.    And  why  not? 
Because,  it  is  said,  the  name  dating  only  from  the  publication,  ii 
is  necessary  to  know  when  and  where  this  vicarious  publication 
was  ertected.     For  this  '•  Nutt.  in  DC.*'  may  fairly  serve,  nearly 
all  names  published  by  DeCandolle  being  contained  in  the  Pro- 
dromus.     Not  so,  however,  with  '* Gillies  in  Hook."     Sir  Wm. 
Hooker  published  very  widely,  in  periodicals,  in  the  Botanical 
Magazine,    and    in    numerous   independent   works.      In  such 
cases  the  double  citation  gives  little  help.    The  'experienced 
botanist  may  know    where  to  look ;  the   inexperienced  must 
turn  to  indexes  at  once  ;   for  both  these  must  be  the  final  and 
the   usual   resort ;  and  in  them  the  double  has  little  if  any 
advantage  over  the  single  citation.     Moreover,  if  this  principle 
is  fully  applied,  the  number  of  double-cited  names  may  be  in- 
convenitMitly    numerous.      The    first   volume   of   Torrey  and 
Gray's  Flora  of  North  America  abounds  in  species  and  genera 
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published  by  them  for  Nuttall.  If  these  have  all  to  be  per- 
maneDtly  quoted  "  Nutt.  in  Torr.  &  Gray,"  why  not  also  the 
many  species  published,  say  by  Bentharn  in  DeCandolle^s  Pro- 
dromus,  in  the  Flora  Brasiliensis,  etc.,  and  even  the  species 
published  by  Brown  in  the  second  edition  of  the  Hortus  Kew- 
ensis,  and  elsewhere?  On  the  whole  it  seems  probable  that 
these  double  citations  will  be  used  only  in  first  or  in  early  quo- 
tations, or  in  special  instances ;  that  it  will  not  be  deemed 
necessary  to  retain  them  when  the  names  become  settled 
in  Floras  or  general  works,  except  in  the  bibliography  or 
full  reference ;  when,  of  course  the  ^^Leptocaulis  inermis  Nutt., 
in  DC.  Coll.  Mem.  v.  39,  x.  10,  et  Prodr.  y.  107,"  will  fully 
appear.  But  so  long  as  the  abbreviated  citation  of  author  and 
publisher  together  is  requisite,  the  mode  of  citation  recom- 
mended by  DeCandolle  is  the  one  to  be  employed. 

A  quite  diflFerent  case  is  that  of  citing,  as  authority  for  a 
genus  or  species,  the  name  of  a  botanist  which  is  not  upon  the 
record.  There  is  reason  to  believe  that  L.  C.  Richard  edited 
the  Flora  Boreali- Americana  of  Michaux,  and  drew  up  the  ex- 
cellent generic  and  specific  characters  of  the  new  plants  in  it 
There  is  equal  reason  to  believe  that  he  purposely  withheld 
his  name.  Upon  no  just  principle  of  citation,  therefore, 
can  the  name  of  Bichard  be  quoted,  as  the  younger  Bichard 
and  Kunth  essayed  to  do.  The  same  holds  for  the  work  of 
Solander  in  the  first  edition  of  Aiton's  Hortus  Kewensis.  And 
if  it  does  not  hold  for  the  contributions  of  Brown  to  the  second 
edition,  it  is  because  he  claimed  them  in  his  lifetime,  rather 
than  because  they  have  been  collected  and  republished  under 
his  name  since  his  death.  Only  confusion  will  come  from  the 
admission  of  hypothetical  constructive  authorship.  The  old 
rule  that,  what  aoes  not  appear  is  no  better  than  non-existent, 
must  apply  to  all  such  cases. 

In  the  comments  upon  article  52,  the  duty  of  abbreviating 
authors'  names  in  the  normal  way  is  insisted  on,  and  the  baa 
practice  of  doing  so  by  leaving  out  the  vowels  is  deprecated. 
Michx,  for  Michaux,  which  is  partially  shortened  in  this  way, 
was  a  necessity  on  account  of  the  ancient  botanist  Micheli.  But 
Om.  for  Crouan  is  intolerable.  Such  a  name  need  not  be  abbre- 
viated at  all.  Monosyllabic  names  should  rarely  if  ever  be  cur- 
tailed. R.  Br.  has  so  long  been  used  for  Eobert  Brown  that  it 
may  continue  to  be  used,  although  Brown  is  better.  In  the 
other  form,  it  may  be  counted  among  the  few  cases  in  which 
initial  letters  are  used  instead  of  the  first  syllable  and  first 
consonant  of  the  second, — cases  which  should  probably  be 
restricted  to  the  L.  for  Linnaeus,  DC.  for  DeCandolle,  HB.K, 
for  Humboldt,  Bonpland,  and  Kunth.  We  are  not  sure  that 
DeCandolle  would  favor  the  latter. 
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A  series  of  remarks  is  made  upon  Articles  29-66,  taken  to 
gether, — relating  to  names  which  are  to  be  rejected  or  mod- 
ified, and  those  which  are  to  be  maintained  notwithstanding 
certain  faults.     As  already  mentioned,  the  tendency  among 
working  naturalists  is  to  preserve  names  in  spite  of  faults; 
while  a  few  linguistic  reformers,  such  especially  as  M.  Saint- 
Lager,  propose  changes  which    would   anect  738   recognized 
names  of  species  in  Europe  alone,  and  ten  or  twelve  thousand 
in  the  vegetable  kingdom  at  large,  and  ^*  this  after  all  the  en- 
deavors of  botanists  for  the  past  half  century  to  establish  the 
law  of  priority  and  to  have  more  stability  of  names.     SagiUaria 
sagiUifblia  and  Psamma  arenarta  must  be  changed,  forsooth, 
because  they  are  pleonasms ;  all  substantive  specific  names,  be- 
cause a  great  majority  of  specific  names  are  adjectives,  and  many 
others  because  they  are  not  sufficiently  classical.    For  instance, 
Dianthu^  he  would  change  to  Diosanthus^  Mentha  to  Minthe^ 
HydrocotyU  brevtpes  to  H.orevipedata^  Cactus  to  Oactos,  Arum  to 
Aron,  and  so  on.     DeCandolle  adds,  that  Cicero  was  not  so  par- 
ticular in  Latinizing  Greek  words,  as  witness  barbarusy  madiina^ 
emponum.     As  to  Pinis^  DeCandolle  insists  that  even  if  Pynu 
is  not  Latin  it  is  the  botanical  name  of  the  genus  as  adopted 
by  LinnsBus,  [from  Tournefort  and  from  all  the  herbalists,  and 
it  is  old  enough  to  be  entered  as  an  alternative  form  in  the 
dictionaries],  and   so  is  to   be   preserved   under  the    law  of 
priority.     There  is  little  danger  that  the  reform  of  Saint-Lager 
will  prevail.     There  is  some  danger  that  the  reaction  will  so 
stiffen  the  rule  of  priority  as  to  forbid  the  correction  of  obvious 
mistakes.     See,  for  instance,  the   form   in  which  Article  60  is 
now  recast  by  DeCandolle:  "A  generic  name  should  subsist 
just  as  it  was  made,  although  a  purely  typographical  error  mav 
be  corrected.     The  termination  of  a  Latin  specific  name  maj 
be  changed  to  bring  it  into  accordance  with  its  generic  name." 
From  this  it  would  seem  that  a  slip  of  the  pen  and  a  mistaken 
orthography  of  a  man's  name  may  not  be  corrected.     We  trust 
that,  when  the  change  would  not  sensibly  affect  the  place  of  a 
name  in  an   index,  such  obvious  corrections  as  of  Wisteria  to 
Wistaria  may  prevail.    We  may  assume  that  the  error  was  typo- 
graphical;  for  Dr.  Wistar  was  at  the  time  too  well  known  in 
Philadelphia  for  Nuttall  to  have  been  ignorant  of  the  ortho- 
graphy of  the  name.    The  correction  of  Balduina  into  Baldiomia 
brings  it  into  accordance  with  the  rule  that  personal  names  used 
for  genera  should  be  wi'itten  as  near  as  may  be  with  the  original 
orthography  of  the  {)erson's  name.     '^Aslrafjalas  ahorirjinomut' 
is  neither  a  typographical   nor  a  clerical  error.     It  is  a  bard 
rule  that  forbids  us  to  write  ^'  ahorifjiinun,^^  still  retaining  Rich- 
ardson's name  as  autfiority. 

Botanists  may  take  more  kindly  to  the  rule  when  applied 
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to  such  names  as  Eleocharis  and  AplopappuSj  in  the  formation 
of  which  the  Greek  aspirate  was  neglected.  We  cannot  well 
suppose  this  to  have  been  a  typographical  or  a  clerical  oversight 
on  the  part  of  Robert  Brown  or  of  Cassini.  Perhaps  a  majority 
of  botanical  authors  have  preserved  the  original  orthography, 
on  the  ground  that  the  right  of  priority,  like  that  of  a  certain 
king,  is  super  grammaticum^ — while  the  remainder  have  written 
Heieocharis  and  Haplopappus  ;  whence  some  confusion  in  the 
indexes.  The  requirement  tx)  preserve  the  original  form  of 
generic  and  specific  names  and  to  abide  by  the  Latin  of  Linnaeus 
and  his  contemporaries,  notwithstanding  classical  faults,  enables 
us  to  retain  such  familiar  names  as  Ranunculus  acris^  Lathyrus 
palustris  and  sylvesiris  (instead  of  R.  acer^  L.  palusier^  and 
s\lvestris\  and  to  keep  up  Uzvis  for  smooth, — probably  to  the 
disgust  of  classical  scholars. 

M.  DeCandolle  has  a  note  on  Diclytra  of  Borckhausen, 
changed  into  Dielyira  to  make  it  conformable  to  a  conjectured 
meaning,  and  then  into  Dicentra  that  it  might  agree  with  the 
etymology  given  by  Borckhausen  himself:  he  gives  it  as  a 
case  in  which  an  excess  of  erudition  has  loaded  the  genus  with 
three  names  in  place  of  one;  and  he  concludes,  as  do  we,  that 
it  were  better  to  have  kept  the  original  orthography,  and  have 
treated  it  as  a  name  which  had,  through  some  mistake,  failed 
of  meaning.  But  the  name  having  been  changed  into  Dieentra^ 
on  the  ground  that  the  right  word  xei/rpop,  and  not  the  impos- 
sible word  xXuTpop,  must  have  been  intended  by  Borckhausen, 
we  think  it  should  now  be  maintained,  although  it  might  have 
been  left  in  the  original  form.  Moreover,  tne  doctrine  that 
names  must  not  be  mended  and  that  sense  is  unimportant, 
however  good  and  needful,  is  so  recent  that  it  must  not  be  too 
rigidly  applied  to  long-standing  cases. 

This  consideration  should  not  be  wholly  overlooked  in  the 
case  of  old  and  long-established  genera,  especially  those  of 
numerous  species,  for  which  some  obscure  older  name  has 
come  to  light  Since  it  is  impossible  to  inake  rules  for  the 
infraction  of  a  rule,  such  cases  must  be  left  to  sound  discretion. 
In  our  opinion  such  discretion  would  forbid  the  transference  of 
the  name  Stylidium  from  Swartz's  genus  to  Marka^  and  the 
revival  of  Labillardi6re's  transient  first  Oandollea  for  Swartz's 
J^lidium. 

The  fourth  section  of  article  60,  which  enjoined  the  rejection 
"  of  names  formed  by  the  combination  of  two  languages/'  is 
now  suppressed.  Nothing  is  put  in  its  place;  but  let  us  hope 
that  we  shall  not  be  driven  to  the  acceptance  of  the  specific 
name  ^^acuticarpum^^  which  one  of  our  fellow-botanists  has 
recently  perpetrated.  Although  hybrid  names  are  to  be 
avoided,  yet,  as  DeCandolle  remarks,  they  cannot  consistently 

Am.  Joub.  Sol— Third  Sbries,  Vol.  XXVI,  No.  156.— Dec.,  1888. 
28 


434  A.  Or  ay — Botamcal  Nomendaiute. 

be  outlawed  by  people  who  accept  cenlimeire,  dedmeire^  beau- 
rocracy^  terminology^  and  the  like,  nor  by  botanists  who  raise  no 
objection  to  ranunculoides^  scirpoides^  linnoeoidesj  bauhinioida^ 
etc. 

Nanaes  of  identical  meaning  but  of  different  orthography,  as 
our  author  insists,  may  well  enough  co-exist.  In  a  vast  genus 
it  might  be  neither  inconvenient  noi:  harmful  to  maintain  species 
named  respectively  Jluviorumy  fluvialis^  and  fiuviatilia^  at  least 
if  they  belonged  to  different  parts  of  the  world. 

We  pass  to  some  brief  annotations  upon  the  second  part  of 
the  puolication  before  us,  which  deals  with  questions  not  takeo 
up  by  the  Congress  of  1867. 

The  first  topic  is  that  of  the  nomenclature  of  organs,  which 
was  treated  with  some  fulness  in  the  Phytographie.  The  re- 
mark is  here  repeated  that  the  greater  part  or  the  so-called 
names  of  organs  are  only  terms^  that  is,  names  indicative  of  the 
condition  of  organs  or  parts  of  the  plant  For  some  of  these 
substantive  names  are  necessary  or  highly  convenient^  yet 
most  were  better  provided  with  adjective  terms  only,  which 
belong  to  terminology,  not  to  nomenclature.  Doubtless  princi- 
ples of  fixity  and  the  rule  of  priority  should  apply  to  these, 
both  to  names  and  to  terma  But  it  seems  unlikely  that  the  ' 
phytotomists  will  at  present  heed  the  counsels  of  the  phytogra- 

f)hers  in  this  matter.  Yet  the  latter  may  insist  that  estab- 
ished  names  used  in  descriptive  botany  shall  not  be  displaced 
on  the  pretence  of  getting  more  appropriate  ones.  For  in- 
stance, the  long- recognized  name  tesia  for  the  outer  seed-coat  is 
to  be  discarded  because,  forsooth,  this  covering  is  not  alwajrs 
or  even  not  generally  a  shell,  or  of  the  texture  of  earthen  ware. 
As  well  ask  the  French  to  discard  the  word  itU  (or  Usk\ 
because  the  human  head,  or  the  skull  which  gave  the  name, 
does  not  really  resemble  a  brick  or  an  earthen  pot. 

The  second  is  upon  the  nomenclature  of  fossils.  And  the  rule 
is  that  they  are  named  according  to  laws  which  apply  to  liv- 
ing plants.  The  Bologna  congress  of  palaeontologists  ordained 
that,  to  secure  priority  for  specific  names  of  fossils,  they  should 
be  not  only  described  but  figured.  DeCandolle,  after  consulta- 
tion with  Heer  (whose  recent  death  we  have  to  deplore),  con- 
cludes that  this  rule  is  too  absolute.  It  seems  to  us  that  so 
long  as  a  large  part  of  the  names  of  fossil  plants  are  merely 
tentative  and  provisional,  we  should  be  content  with  a  general 
approximation  to  the  received  rules  in  botany. 

The  nomenclature  of  groups  inferior  to  species  (varieties, 
sub-varieties,  variations  and  sub-variations)  is  considered ;  but 
no  new  rules  are  proposed  ;  nor  is  the  question  of  subspecies 
discussed. 

Although   it   is  not  exactly  a  matter  of  nomenclature,  we 
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should  have  liked  that  our  author  had  considered  the  two 
modes  of  disposing  of  varieties,  and  had  expressed  an  opinion 
as  to  whether  the  character  of  the  species  should  or  should  not 
completely  cover  the  variety  or  varieties  assigned  to  it.  In  the 
former  case  there  is  a  var.  a,  followed  by  /},  etc.  In  the  latter, 
the  species  is  defined  upon  its  type,  without  any  special  regard 
to  the  appended  variety  or  varieties,  which  are  then  character- 
iised  as  to  the  points  in  which  they  differ  from  the  type.  We 
prefer  the  latter  method,  as  being  on  the  whole  clearer,  and  as 
a  saving  in  names;  avoiding  the  awkwardness  or  the  super- 
flaity  of  a  varietal  name  for  tne  type  of  the  species. 

Some  noteworthy  observations  are  introduced  in  respect  to 
the  plight  which  systematic  botany  is  threatened  with  by  what 
DeCandolle  would  call  micromorphic  botanists,  like  Jordan  and 
(htndr^er,  who  abandon  the  Linnsean  idea  of  species  altogether, 
and  give  this  name  and  rank  to  what  ordinary  botanists  take 
for  sub- varieties.  For  example,  we  are  informed  that  M.  Gan- 
doger  divides  the  Roses  of  Europe  and  N.  America  into  4600  sp^- 
cies^  or  groups  provided  with  names  similar  to  those  of  species, 
under  numerous  subgenera,  which  in  effect  take  the  place  of 
genera  Mentha  has  already  undergone  a  similar  micro-meta- 
morphosis. If  this  goes  on,  and  the  names  should  be  written 
every  one,  I  suppose  that  even  the  world  itself  could  not  con- 
tain the  books  (of  indexes)  that  should  be  written.  The  ob- 
vious and  only  remedy  is  to  relegate  this  kind  of  botany  to  a 
world  of  its  own,  with  which  the  legitimate  science  need  have 
nothing  to  do. 

Questions  having  been  raised  as  to  the  proper  use  of  capital 
initials  in  certain  specific  names,  M.  DeCandolle  has  devoted 
two  or  three  pages  to  this  and  related  topics.  Linnseu^  used 
capital  initials  onlv  for  substantive  names ;  Lamarck  employed 
them  for  personal  and  some  geographical  names,  seemingly 
without  system.  A.  P.  DeCandolle  used  the  initial  capital 
systematically  for  all  three,  and  even  for  Alpina  when  used 
to  designate  a  plant  of  the  Alps.  His  example  has  generally 
been  followed  until  recently ;  and  this  is  in  accordance  with  the 
custom  of  the  English  language.  To  the  objection  that  it  is  con- 
trary to  the  customs  of  the  Latin  language,  our  author  replies  at 
some  length,  substantially  as  follows.  He  finds  that  in  the  matter 
of  orthography,  etc.,  classical  writers  distinguish  nine  phases  or 
periods  of  the  Latin  language,  of  which  the  most  classical  is  the 
seventh  period,  that  of  Augustus ;  that  there  is  no  foundation  in 
classical  Latin  for  either  punctuation  (the  points  distinguishing 
words,  not  phrases),  or  accentuation  by  signs,  and  that  the  dis- 
tinction between  capitals  and  small  letters  was  made  since  the 
dark  ages,  by  scholars  whom  a  purist  of  our  day  might  tax 
with  ignorance  of  the  proper  way  of  writing  Latin ;  that  the 
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object  and  result  of  all  these  and  other  innovations  was  greater 
clearness  and  precision ;  that  the  question  is  not  at  all  one  of 
ancient  latinity,  but  of  modern  usages,  both  of  the  philologists 
and  the  naturalists;  and  that  these  have  happily  modified 
classical  Latin  into  a  medium  of  greater  precision  and  clearness 
abd  better  adapted  to  the  needs  of  science. 

Finally,  we  have  a  brief  discussion  of  the  question  :  ''  When 
an  author  has  comprehended  one  genus  in  another  without 
naming  the  species,  can  he  be  cited  for  the  names  of  the  species 
which  implicitly  result  from  this  union  ?''  The  answer  he  de- 
cisively gives  is :  *'  This  would  be  neither  right,  nor  possible,  nor 
practically  convenient  To  be  correct,  one  should  attribute  to 
an  author  exactly  what  he  has  published.  When  it  is  said  that 
the  genus  B  should  be  united  with  the  genus  A,  this  is  Dot 
^s&ying  that  the  species  of  the  genus  B  should  be  called  by  saeh 
and  such  names  in  the  genus  A.  To  name  them  correctly  itn 
necessary  to  examine  them  one  by  one.  A  glance  at  the  Gen- 
era of  Bentham  and  Hooker,  or  at  the  works  of  *Baillon,  will 
show  how  impossible  it  is  to  attribute  the  designation  of  the 
species  to  the  authors  who  have  changed  the  names  of  the 
genera,  without  an  explanation  under  each  species.*'  This  is 
illustrated  by  the  supposed  case  of  three  genera,  combined  into 
one,  each  of  which  has  a  species  lanceolata;  by  the  case  of  a 
species  minor  transferred  to  a  genus  of  which  it  may  be  the 
largest  species;  and  by  reference  to  the  state  of  all  large  and 
many  small  genera,  full  of  obscure,  misunderetood,  or  debat- 
able species,  the  arrangement  and  naming  of  which  can  be 
effected  only  by  patient  and  prolonged  study.  When  this  work 
has  not  actually  been  done  by  the  reformers  of  genera,  it  should 
be  left  to  monographers  and  the  editors  of  Floras.  If,  by  art.  45, 
*'  a  species  is  not  looked  upon  as  named  unless  it  has  a  generic 
name  as  well  as  a  specific  one,"  neither  is  it  named  unless  a 
specific  as  well  as  a  generic  name  is  assigned  to  it.  Besides  the 
instan(;es  in  which  the  old  specific  name  is  impossible  under 
another  genus,  there  are  very  many  in  which  it  would  be 
improper  or  questionable,  and  in  respect  to  which  particular 
consideration  is  required.  Between  such  cases  and  the  plain 
ones  in  which  implied  naming  could  not  go  wrong,  who  is  to 
draw  the  line?  Perhaps  it  might  be  drawn  at  monotypic  new 
genera  with  old  specific  names.  But  how  to  do  even  this  upon 
recognized  principles  is  a  problem. 

A  fatal  objection  to  the  principle  of  names  by  implication  is 
that  all  such  names,  if  they  are  existent,  must  be  indexed  in 
the  new  Nomenclator  Botanicus  now  in  preparation.  To 
transcribe  under  Senecio  the  specific  names  pertaining  to  all  the 
genera  which  Bentham  has  referred  to  that  already  vast  genus  is 
no  small  matter,  and  a  part  of  the  work  will  prove  supeiBuousif 
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we  suppose  to  be  the  case — some  of  these  genera,  such  as 
Cacalia^  ought  to  be  maintained.  But  that  is  only  the  beginning. 
A  more  recent  author,  Baillon,  has  reduced  the  genera  of  Com- 
posilce  nearly  one  half.  For  example,  to  Helenium  he  has  referred 
&aiUardia^  Actinella^  Oepkalophoray  etc. ;  to  Tagetes  he  has  re- 
ferred Dysodiay  Nicolettia,  Hymenatherum  and  others ;  to  Heliari' 
thus  a  greater  number  of  genera,  most  of  them  prolific  in  species. 
In  all  probability,  most  of  these  reductions  will  not  be  approved. 
Yet|  if  the  principle  of  constructive  naming  is  adopted,  the 
Nomenclator  must  burden  its  columns  with  these  hosts  of 
inchoate  specific  names  of  Baillon,  either  as  received  names  or 
aa  ByDonym&  It  is  plain  that  the  principle  referred  to,  besides 
its  incongruity  with  the  leading  ideas  of  received  nomenclature, 
breaks  down  with  its  own  weight.  There  are,  nevertheless, 
taking  arguments  in  its  favor,  which  need  not  here  be  reca- 
pitulated ;  and  the  common  system  has  its  disadvantages  and 
liability  to  abuse.  Yet  it  appears  to  be  the  only  workable 
system.  As  already  intimated,  the  right  assignment  of  specific 
names  in  reconstructed  genera  requires  particular  knowledge 
and  careful  investigation.     And  the  botanist  who  reconstructs 

Snera  should  himself  adjust  and  state  the  specific  names  as 
r  as  he  can. 


Abt.  XLIX. — Pre-Carhoniferous  Strata  in  the  Orand  Cafion  of 
the  Colorado,  Arizona;  by  Charles  D.  Walcott,  of  the 
U.  S.  Geological  Survey. 

DUBING  the  month  of  November,  1882,  the  Director  of  the 
Survey  had  constructed,  under  his  immediate  supervision,  a 
horse  trail  from  the  brink  of  a  lateral  canon  on  the  east  face  of 
the  Kaibab  Plateau,  Arizona,  down  to  the  more  level  cafion 
bed  of  Nun-ko-weap  Valley  3,000  feet  below.  Encamped  in 
the  snow,  of  ten  concealed  for  days  in  the  driving  frozen  mist 
and  whirling  snow,  the  party  gradually  overcame  the  appar- 
ently insurmountable  obstacles  in  the  way,  and,  Nov.  24th, 
camp  was  formed  in  the  supposed  ^inaccessible''  depths  of 
the  head  of  the  Grand  Cailon,  a  day  of  reconnoissance  and 
rest.  Then  the  director  headed  his  party  of  faithful,  energetic 
men  and  left  the  writer,  who,  through  illness,  had  been  unable 
to  share  in  the  building  of  the  trail,  with  three  men  and  outfit 
U>  explore  and  study  the  inner  cafion  valleys  between  the  Kai- 
bab nateau  and  the  Marble  CafLon,  and  the  Grand  CaQon  as 
far  as  could  be  reached  south.  Seventy-two  days  of  constant 
work  gave  some  of  the  information  wished,  a  portion  of  which 
is  used  in  this  article. 
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One  of  the  strongest  topographical  features  of  the  Kaibab 
division  of  the  Grand  Caiion  of  the  Colorado  and  the  lateral 
caflons  opening  into  it  is  formed  by  the  basal  member  of  the 
Carboniferous  group,  the  massive  Bed  Wall  limestone  of  Gil- 
bert. Breaking  abruptly  off  at  the  foot  of  the  terraced  slope 
of  the  Lower  Aubrey  sandstone,  a  sheer  cliff  of  from  800  feet 
at  the  head  of  the  Grand  Cafion,  to  1,000  feet  at  the  mouth  of 
the  Kanab  Caiion,  is  entirely  formed  of  this  limestone.  Fre- 
quently several  hundred  feet  are  added  to  the  cliff  by  the 
abruptly  breaking  away  of  the  thin  Devonian  series  and  the 
massive  Upper  Tonto  (Cambrian^  beds  beneath. 

In  the  field  work  of  1879  a  line  of  demarcation  was  estab- 
lished at  the  base  of  the  Bed  Wall  limestone,  and  the  presence 
of  the  Devonian  between  it  and  the  Tonto  group  of  Gilbert 
definitely  determined  on  both  stratigraphic  and  paleontologic 
evidence.  A  plane  of  unconformity  by  erosion,  not  dip,  was 
found  between  the  Carboniferous  and  Devonian,  and  aleo  a 
strongly  marked  fauna  compared  with  that  of  the  Tonto  be- 
neath and  Carboniferous  above.* 

This  horizon  was  traced,  during  the  winter  of  1882-3,  from 
the  most  northern  exposure  in  Marble  Caflon,  where  the  base 
of  the  Bed  Wall  limestone  first  rises  above  the  river-bed,  tea 
point  in  the  Grand  Caflon  south  of  Vishnu's  Temple.  From 
the  known  structure  of  the  caflon  walls,  this  line  is  undoubtedly 
present  the  entire  length  of  the  caflon  to  its  termination  at  the 
Grand  Wash.  It  is  known  in  and  at  the  mouth  of  the  Kanab 
Cafion,  and  Mr.  Gilbert's  section  indicates  its  presence  at  the 
mouth  of  the  Grand  Cafion. 

In  places  the  Devonian  is  entirely  absent,  either  through 
erosion  or  non-deposition,  so  that  the  Bed  Wall  limeatone 
rests  directly  on  the  massive  calciferous  strata  of  the  Upper 
Tonto.  The  line  of  unconformity  is  slight  and  often  none 
exists  except  to  the  ej'e  of  the  geologist  looking  at  that  exact 
horizon  for  it. 

The  Devonian  rarely  has  a  thickness  of  more  than  100  feet 
When  present  it  is  unmistakably  marked  by  the  thin  purplish 
colored  layers  of  fine-grained  sandstone  that  pass  into  calcif- 
erous sandrock  and  limestone  in  which  Cyathophylloid  corals, 
casts  of  Brachioi)ods  and  Gasteropods,  and  plates  of  Placo- 
ganoid  fishes  usually  occur. 

In  the  Kanab  Canon  a  strong  line  of  erosion  was  observed  at 
the  base  of  the  Devonian.  IJsually  this  is  very  slight  and 
resembles  the  plane  of  erosion  at  the  close  of  the  Paleozoic. 
In  the  one  case  the  hard  massive  limestones  of  the  Cambrian 
were  eroded  and  in  others  the  friable,  ^sandy  shales  of  the 
Permian.  ^^ 

*  This  Journal,  III,  1880,  vol.  xx,  p.  221. 
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No  traces  of  the  Silurian  groups  have  been  discovered.  At 
the  head  of  Nun-ko-weap  valley,  where  the  Devonian  is  absent, 
species  of  the  genera.  Lingulepis  and  Crepicephalus  were  found 
within  two  feet  of  the  base  of  the  Eed  Wall  limestone.  On 
examining  the  few  imperfect  fossils,  collected  in  1879  in  the 
Kanab  cafion,  on  which  the  strata  just  beneath  the  Devonian 
were  referred  provisionally  to  the  Calciferous  horizon,  they 
were  found  to  be  generically  identical  with  species  from  strata 
lowef  down  in  the  Tonto  that  are  the  geologic  equivalents  of 
the  Potsdam  sandstone  of  the  Mississippi  valley. 

The  Tonio  is  the  first  of  Powell's  great  plateau  system  of 
formations.  Of  Upper  Cambrian  age,  it  terminates  below  that 
great  series  of  comformable  deposits  that  extend  upward 
through  over  14,000  feet  of  strata  to  the  Tertiary  Pink  Cliffs  of 
Southern  Utah.  It  occupies  an  important  position  in  the  to- 
pography of  the  inner  portion  of  the  Kaibab  division  of  the 
^fion.  By  the  breaking  away  of  the  central  belt  of  shaly  cal- 
careous and  sandy  strata,  the  Red  Wall  cliff  is  kept  clear  of 
lebris  and  undermined  so  as  to  preserve  its  mural  face  above  a 
gently  sloping  terrace  that  extends  down  to  the  lower  Tonto 
5liflF.  The  latter  is  wonderfully  persistent  for  a  cliff  not  over 
too  feet  in  height.  Winding  in  and  out,  here  a  bold  head- 
and,  there  notched  by  a  narrow,  profound  caflon,  a  mural 
:>recipice  in  range  for  a  mile  or  more,  then  forming  a  symmet- 
rically curved  point  around  which  the  contours  sweep  in  grace- 
ful curvjss  only  to  recur  again  at  the  head  of  a  broad,  open 
i^iion,  the  cliff  is  only  second  to  the  Bed  Wall  in  its  influence 
>ii  the  scenery  and  topography  of  the  inner  portion  of  the 
3afion. 

The  geologic  age  of  the  Tonto  group  is  determined  by  the 
presence  of  numerous  specimens  representing  the  genera  Cru- 
suina,  Lingulepis^  Iphidea,  OonocephaliteSj  Orepicephalus  and 
Dieellocephahia  that  occur  at  various  horizons  in  the  upper  700 
feet  of  sandstone,  shales  and  limestone.  No  fossils  were  ob- 
tained from  the  coarse  sandstone  forming  the  lower  300  feet. 
The  fauna  above,  however,  shows  close  relations  to  that  of  the 
Potsdam  sandstone  horizon  of  Central  Nevada,  the  Mississippi 
valley  and  Saratoga  county,*  New  York. 

The  base  line  oi  the  Tonto  is  quite  uniform  and  rests  uncon- 
tormably  on  the  varied  strata  beneath  ;  here  and  there  a  knoll, 
point  or  ridge  is  seen  on  the  Pre-Tonto  surface  that  rises  nearly 
through  the  massive  Tonto  sandstones  that  were  deposited 
against  and  over  them,  the  sea  breaking  off,  and  burying  with 
the  drifting  sand,  fragments  of  the  rocky  islands. 

^  The  Potsdam  fauna  of  Saratoga  county  occurs  in  a  massivQ  bedded  magnesian 
limestone  and  will  be  described  later.  The  genera  PtychaspiSy  OrepicepficUuSy 
DkdloaphaiuBy  etc.,  are  well  represented. 
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The  great  uncoDformity  beneath  the  Tonto  has  been 
described  bv  Professor  J.  W.  Powell,  who  examined  it  in  his 
boat  trips  down  through  the  Grand  Caiion,  and  by  Captain  C. 
E.  Dutton,  who  viewea  it  from  the  summit  of  the  Kaibab  Pla- 
teau, five  miles  away.  Professor  Powell  estimated  the  strata  be- 
neath the  Tonto  and  above  the  Archean  at  10,000  feet,  and  as 
this  is  all  cut  across  the  unconformity  is  very  great  A  detailed 
study  adds  to  the  thickness  of  the  strata ;  it  shows  that  the  orig- 
inal summit  of  the  Pre-Tonto  gix)up  had  undoubtedly  beei)  cat 
away  more  or  less  before  the  deposition  of  the  Tonto  group; 
that  the  plane  of  erosion  cut  deeply  into  the  Archean,  and  thiat 
besides  tne  13,000  feet  of  strata,  that  have  been  planed  off, 
of  which  the  record  is  found  in  the  section  preserved,  there 
*  was  also  a  problematical  amount  of  considerable  thickness. 

Professor  Powell  called  the  Pre-Tonto  group  the  Grand 
Cafion  group.  It  is  found  convenient  on  stratigraphic  groonds 
to  divide  this  into  two  groups,  a  line  of  unconformity  by  ero- 
sion occurring  between  them  and  also  a  decided  change  in  the 
character  of  the  sediments.  The  lower,  the  Grand  Oafion 
group,  is  made  up  of  an  immense  mass  of  sandstones  and 
interoedded  greenstones  exposed  directly  on  the  Grand  Gallon, 
and  the  upper,  the  Chuar  group  (a  name  given  by  Professor 
Powell),  is  a  series  of  sandy  and  clay  shales  in  the  interbedded 
sandstones  and  limestones  that  are  exposed  in  the  inner  cafion 
valleys  between  the  Kaibab  Plateau  and  the  six  great  buttes 
forming  the  west  side  of  the  lower  portion  of  Marble  Caiion. 

The  summit  of  the  Chuar  group  is,  as  now  known,  in  a  little 
synclinal  on  the  divide  between  Nun-ko-weap  and  Kwa-gunt 
valleys.* 

At  first  a  rough  sandstone,  it  gives  way  below  to  sandy  and 
thin  argillaceous  shales  with  interbedded  sandstones  and  lime- 
stones, 285  feet  of  limestone  occurring  in  5,170  feet  of  sedi- 
ments. 

The  summit  of  tlie  Grand  Canon  group  is  a  massive  mae- 
nesian  limestone,  100  feet  in  thickness,  that  overlies  red  sand- 
stones resting  on  a  massive  belt  of  greenstones  1,000  to  1,800 
feet  in  thickness;  this  belt  is  broken  up  into  eight  principal 
flows  by  partings  of  sandstone  deposited  between  the  flows. 
The  first  coulde  flowed  over  the  level  ocean  bed  in  which  5,000 
feet  of  sediment  that  now  forms  a  reddish-brown  sandstone  had 
accumulated  on  the  upturned  and  eroded  edges  of  the  Archean, 
the  few  layers  of  limestone  and  the  one  flow  of  lava,  150  feet 
in  thickness  near  the  base,  scarcely  serving  to  break  the  great 
sandstone  series.  The  Archean,  where  tiie  section  terminates, 
consists  of  thin-bedded  quartzites  broken  by  intrusive  veins  of 

♦  For  position  of  these  valleys  see  Atlas  of  Dutton's  Tertiary  Uistory  of  the 
Grand  Caflou,  1882. 
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a  fiesb-colored  granite,  the  layers  of  quartzite  staoiling  nearly 
vertical. 

The  Pre-Tonto  series  is  a  remarkable  one  considering  its 
geologic  age.  In  the  Chuar  group  limestones  and  shales  suc- 
ceed each  other  with  lithologic  characters  similar  to  the  Tren- 
ton limestone  and  Utica  shale.  The  parti-colored  shales,  in 
one  belt  700  feet  thick,  recall  the  friaole  Permian  clays.  In 
fact  there  is  no  more  evidence  of  metamorphism  throughout 
the  12,000  feet  of  conformable  beds  than  there  is  in  the  evenly 
bedded  strata  of  the  Trias  and  Cretaceous  groups  of  Southern 
Utah.  Hippie  marks  and  mud  cracks  abound  in  many  hori- 
zons, but  not  a  trace  of  a  fucoid  or  a  molluscan  or  annelid  trail 
was  observed.  But  for  the  discovery  of  a  small  Discinoid 
shell,  a  couple  of  specimens  of  a  Pt^ropod  allied  to  Hyolithes 
triangularis  and  an  obscure  Stromatopora-like  group  of  forms, 
the  two  and  one* half  months'  search  for  fossils  in  these  groups 
would  have  been  without  result.  They  serve,  however,  to 
retain  the  group  within  the  Cambrian  and  also  point  to  a 
buna  that  must  be  searched  for  elsewhere,  as  they  alone  could 
scarcely  have  been  the  only  representatives  of  the  life  in  the  sea 
at  that  time. 

As  now  known,  the  Grand  Cafion  and  Chuar  groups  may  be 
referred  to  the  lower  Cambrian.  Their  stratigraphic  position 
is  essentially  the  same  as  that  of  the  Keweenawan  group  of 
Wisconsin.  Both  series  were  originally  deposited  over  the 
underlying  Archean  unconformably.  Both  were  subsequently 
elevated,  eroded,  and  buried  beneath  sediments  that  in  each 
case  uncomformably  overlie  them  and  also  contain  a  fauna 
strikingly  similar. 

Professor  Chamberlain,  when  speaking  of  the  interval  be- 
tween the  elevation  of  the  Keweenawan  series  and  the  deposi- 
tion of  the  Potsdam,  suggests  that,  in  part,  at  least,  the  Acadian 
period  of  the  Atlantic  border  represents  a  portion  of  the  work 
of  the  interval.* 

With  relation  to  the  interval  between  the  elevation  of  the 
Grand  Caflon  groups  and  the  deposition  of  the  Tonto  there  is  a 
section  in  the  Eureka  District  of  Central  Nevada  which  passes 
from  the  Tonto  or  Potsdam  horizon  down  through  3,000  feet  of 
conformably  bedded  limestones  before  reaching  the  Oknellus 
horizon.  The  latter  in  turn  is  underlaid  conformably  by  a 
great  belt  of  quartzite  as  far  down  as  the  section  was  exposed. 
These  beds  appear  to  have  been  those  deposited  in  the  Nevada 
sea  during  the  period  of  land  surface  over  the  Grand  Cafion 
area,  and  if  the  Keweenawan  series  correspond  to  the  Grand 
Cafion  group  in  time,  as  they  certainly  appear  to  do  in  geologic 
position,  we  would  consider  the  interval  of  erosion  before  the 

*  G^logy  of  Wiiconsm,  vol  i,  p.  94,  1883. 
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Pbtidun  u  tbft  timo  of  tfaff  dapoiiiaoB  of  Ifa*^  piiwt  bab  of 
■tr«te  represented  by  ^e  Fre-Potklun  CTamftn  horiaoB  ^ 
HerftAi  ud  Lske  ObsmpluD.  Tfo  older  St.  Jbhtti  Rnd  finb- 
bte  hornooB  being  eorrelatadf  iq'  put  ai'  lew^  wiA  At 
Gtud  C^on  and  Keweenawin  awiefc 

In  the  Qiind  Oifioa  tb«eBri<i^  iM'tmnMfaiiiMplwMd,  fced- 
iAttoof  and  bat  lUffhdy  dJetarbed.  In  WisedMAt  tfa«  1,0W' 
fe^t'of  UVb  of  the  Cmom  OtflOD  group  is  represented  by  man}' 
tbonauid  Am  (rf  Voloanio  roeka,  and  the  coarse  sediments  were 
abo  iaitnlnl  to  Ibis  praeeaoe- os  animal  life:  there  were,  bow- 
<ver,  at  time^  bfldi  (n  flneraaterinl  accumulated  in  a  leas  dit- 
,  tpibed  eea^  and  from  tbaee  m  maj  hope  to  bear  of  fbaails 
baiDg  obuuned. 

'  'From  Uie  faetl  preaented,  both  the  Qrand  CaSon  and  Kewee- 
nwan  aeriM  are  oonridered  a 


ging  to  the  Cambrian,  and 
united  vith  ibe  Pandoxidn  horizon  of  Biaintree,  Mass.,  and 
St  Jobtu.  y.  B. ;  Ox  Otm^lm  horizon  of  Nevada,  Vermont, 
Kew'ToFK,  and  Newfoandland,  and  the  Poladam  series  of  Wis- 
ooniin,  New  Ymk,  Oanada,  «tc.,  as  forming  the  Cambrian  age 
ill  Amerioa,  is  now  known,  u  subject  that  will  be  treated  more 
in  detail  at  eome  fatnre  time.  In  this  arrangement  the  Lower 
Haeneaian  limestone  of  Wisconsin  and  the  Lower  Calciferous 
of  New  Yotl  and  ^oida  arc  viewed  as  passage  beds  between 
the  Oambriab  and  Silnrian  or  the  first  and  second  faunas  of 
Barrande.  In  some  instancv-Jliie  stnitigrnj>)iy  will  necessitate 
the  putting  of  these  beds  with  the  Cambrian  and  in  others  with 
the  Silurian.  As  a  whole  they  are  referred  to  the  Silnriaa 
as  the  types  of  the  second  fanna  predominate  very  qnickly  after 
their  first  appearauce. 


Art.  L.  —  Oontr^itions  to  Meteorology;  by  EUAS  LooMlB, 
Professor  of  Natural  Philosophy  in  Yale  College.  Nin^ 
teenth  paper,  with  three  plates. 

[Bead  before  the  NBticmal  Academy  of  SdanoM,  Waahin^ton,  April  IT,  ISSL] 

The  Barometric  Qradient  in  great  atorau. 

In  his  Meteorological  Researches  for  the  use  of  the  Coast 
Pilot,  Pari  II.  Mr.  Ferrel  gives  the  following  formula  for  tlie 
barometric  gradient, 

_  1076-4  (2n  COS  V.  +  y)aF  . 

^  -  0OB»(l+-004l)    P-"  ^' 

where  G  denotes  the  barometric  gradient  in  millimeters  per  At- 
gree  of  a  great  circle,  or  60  geogrsphib  miles, 


E.  Loofn%9 — Bo/rometrie  GradierU  m  great  storms,    443 


2n  =  00014585. 
«oost 


V    = 


^  ==  the  polar  distance  of  the  station,  or  the  complement  of 

the  latitude. 
i    =  the  inclination  of  the  wind's  direction  to  the  isobars, 
a    =  the  velocity  of  the  wind  in  meters  per  second, 
r   =  the  distance  from  the  center  of  the  low  area  expressed  in 

ineters. 
t    =  the  temperature  of  the  air  in  centigrade  degrees. 
P  =  the  pressure  of  the  atmosphere  in  millimeters. 
P'  =  760  millimeters. 

Every  storm  affords  an  opportunity  for  testing  the  accuracy 
of  this  formula;  but  since  every  storm  presents  some  pecu- 
liarities showing  the  eflFect  of  local  disturoance  for  which  the 
formula  makes  no  provision,  we  cannot  expect  that  the  form- 
ula will  be  exactly  verified  in  the  case  of  any  storm.  If  how- 
ever we  determine  the  average  values  of  the  elements  of  a 
large  number  of  violent  storms,  the  formula  ought  to  repre- 
sent these  average  values.  These  average  values  I  have  en- 
deavored to  obtain  for  the  Atlantic  Ocean  and  also  for  the 
United  States.  For  the  Atlantic  Ocean  I  employed  HoflF- 
meyer's  charts,  which  embrace  a  period  of  three  years  from 
December,  1878,  to  November,  1876 ;  but  for  the  first  year 
the  observations  for  the  Atlantic  Ocean  were  few,  and  the 
isobare  generally  incomplete.  From  this  series  of  charts  I 
selected  those  cases  in  which  the  barometric  depression  was 
greatest,  and  in  which  the  isobars  were  most  regular.  For 
these  cases  I  measured  with  a  scale  and  dividers  the  distance 
between  the  successive  isobars  (drawn  at  intervals  of  five  milli- 
meters) and  by  computation  converted  these  measures  into  de- 
grees of  the  meridian.  Since  the  isobars  are  never  entirely 
symmetrical  on  all  sides,  I  made  my  measurements  on  that 
side  upon  which  the  winds  were  strongest  and  the  gradients 
were  the  steepest.  I  recorded  also  the  wind's  velocity  between 
the  various  isobars,  the  inclination  of  the  wind's  direction  to 
the  nearest  isobar,  and  the  state  of  the  thermometer.  I  re- 
corded the  latitude  of  the  low  center,  and  the  diameter  of  the 
first  isobar,  except  in  those  case^  in  which  its  magnitude  was 
apparently  due  to  the  lack  of  observations  from  that  vicinity. 
These  measurements  extended  from  the  lowest  isobar  up  to 
the  highest  adjacent  isobar,  until  the  winds  became  feeble  and 
the  isobars  irregular.  The  latitude  of  the  center  of  high  pres- 
sure was  recorded ;  and  if  the  isobars  were  tolerably  regular, 
the  diameter  of  the  highest  isobar  was  measured.  Several  of 
the  charts  show  the  isobar  715°^;  there  are  more  which  have 
the  isobar  720*^;  and  a  large  number  show  the  isobar  725* 


^nun 
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The  gradients  can  (renerally  be  measured  satiafactorilj  from 
tho  lowest  isobar  up  to  the  isobar  775  or  780.  In  order  to  ex- 
tend the  comparison  still  further,  I  selected  the  oases  io  whicli 
the  barometer  was  highest  and  the  isobars  were  tolerably  sym- 
metrical, and  measured  the  distance  between  the  isobara,  eoa- 
tinuing  the  meusuremeiits  downward  until  the  winds  became 
feeble  and  the  isobars  irregular.  For  the  couTenieDoe  of  tboie 
who  may  wish  to  examine  a  few  of  the  most  remarkable  oaies, 
without  being  compelled  to  search  through  the  entire  series  of 
charts  I  will  give  the  following  esamplea : 

ISIS,  D«a  30. 

"    31. 
1S76,  Jan.    1. 

"      1. 

"     IS. 

The  following  table  exhibits  the  average  results  for  llie 
Atlantic  Ocean  deduced  from  an  examination  of  81  cues 
treated  in  the  manner  already  described. 

Tabue  I.— Atliktio  Oouh. 


/V  Low  Sarcmdw. 

187B 

Jbd. 

11^ 

Dec. 

31 
32 

IST6 

Jul 

Vi 

Mucli 

9 
10 

■n. 

DUt. 
T)PF. 

O. 

Vel 

«!2^|ij.oii. 

ThfiKi. 

B-dlu. 

fc- 

.'\n" 

r. 

tf- 

B' 

Sc'lc              1  "-  - 

K  o.      -     1  - 

*     ».- 

1-6.    M,-l.     [>e« 

D,:«. 

DcK.     Myr'm  Ih,«.l          ' 

IIBt 

0  120 

1-19S1 

4^ 

3'35  15-9U  3S-4 

^o.ut'    .   1-;,'   -,■/,:  -.^MS-ia' 

406 

3-764-11 

120 

12B 

r2B3 

3-(l7 

a'40  10-21  26-6 

2\-.      -:■■.-       rv-2-Si 

3-lfl 

2-S3 

3-Sl 

136 

130 

1-348 

3-11 

3-33  lO-H  27-9 

3-89 

2-39 

31( 

130 

l-3«9 

1-38  lS-fl«  29-3 

3-61 

2-30 

3« 

13B 

14n 

-.■■:;  1     .            -■    ■     .    1  i-lO 

3-Bl,!-2S 

3-« 

140 

3-5»2-23'3-« 

14fi 

.     ■     ■        1     .  .  -.  i-69 

3-B0  2-30'3-M 

150 

3-38  3-ia3-38 

766 

■.  M   )  .  -■<,  :.:-..   -.(-,-,  2-40 

3-12  1-9S  p-Ot 

100 

706 

1-095  2'!>6  2-71 

l3'89  3G-0 

+    l'S3 

13'835ll531-a 

S4-0 

l-9oi2-01 

eo.-. 
s'-fai-si 

is 

166 

710 

l-fil8l2-7B,2-:iH 

H)-OS'40-7 

-   3-9fl 

13-073  n42-l 

53-4 

l-Tl.l  87 

2-84 

1-42 

MJ 

776 

i-u7ei2-6:i 

2-14 

-   0-01 

52-0 

Ml  ,1-81 

2-46 

1-3* 

J« 

175 

780 

2-163  2  31 

i-Ra 

8-U7  47-3 

-IH-d.'i 

a-111 

301-2 

83-2 

1-64^-74 

2-37 

1-16 

i-a 

180 

786'2'.'i70,2-ll 

1-70 

7'83  SOT, 

-lS-I)il 

B-844 

648-7 

51-5 

1-57  1-68 

2-J8 

1-07 

m 

las 

790 

2-S04 

'" 

l-i)2 

7-02  62-1 

-22-40 

:i-3B7 

373-0 

80-7 

1-42' I -88 

2-16 

0-87 

■K 

Column  iBt  shows  the  isobars  between  which  the  distances 
were  measured  ;  colmnn  2(1  shows  the  distance  between  (be 
isobars  expressed  in  degrees  of  a  meridian  ;  column  Sd  shovs 
the  gradient  in  millimeters  per  degree  deduced  from  tho  pre- 
ceding values:  column  4th  shows  the  average  velocity  of  the 
winds  denoted  by  a  scale  of  1  to  6.     These  velocities  were  re- 
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daced  to  their  equiyalent  values  in  miles  per  hour  by  means  of 
the  table  prepared  under  the  direction  of  the  Council  of  the 
London  Meteorological  Society  and  published  in  1881.  Ac- 
cording to  this  table  the  values  of  the  numbers  employed  in 
the  English  scale  (0-12)  are  as  follows : 


MUW 

Mllei 

Miles 

Foree. 

per  hour^ 

Mean. 

Force. 

.    per  hoar. 

Mean. 

Force. 

per  hoar. 

Mean. 

0 

0  to    6 

2-6 

5 

26  to  30 

28-0 

10 

61  to  69 

650 

1 

6   "  10 

80 

6 

31    "  36 

33*5 

11 

70    **  80 

75-0 

2 

11    »»  16 

130 

7 

37    "  44 

40-5 

12 

Above  80 

90-0 

3 

16   **  20 

18-0 

8 

45    "  62 

48-5 

4 

21    "  26 

230 

9 

53    "  60 

56-5 

The  average  values  of  the  numbers  upon  the  scale  0-6  are 
hence  determined  to  be  as  follows  : 


Force. 

Miles 
per  hoar. 

Metres 
per  second. 

Force. 

Miles 
per  hoar. 

Metres 
per  second. 

1 
2 
3 

10-6 
20-5 
3075 

4-69 

916 

13-75 

4 
5 
6 

44-5 

60-76 

82*5 

19-89 
2716 
36-88 

By  means  of  this  table  the  numbers  in  column  6th  were  de- 
duced from  those  in  column  4th.  Column  6th  shows  the  incli- 
nation of  the  winds  to  the  nearest  isobar ;  column  7th  shows 
the  temperature  of  the  air  in  centesimal  degrees ;  column  8th 
shows,  for  isobars  less  than  760°^,  the  distance  from  the  center 
of  the  low  area  to  a  point  midway  between  the  isobars  men- 
tioned in  column  1st;  and,  for  isobars  above  760°*°*,  it  shows 
the  distance  from  the  center  of  the  high  area.  The  average 
diameter  of  the  first  isobar  about  the  low  center  was  3*78  de- 
grees ;  and  the  average  diameter  of  the  first  isobar  about  the 
high  center  was  4*11  degrees.  The  distances  in  column  9th 
are  expressed  in  myriameters.  The  average  latitude  of  the 
centers  of  low  barometer  employed  in  constructing  this  table  is 
68®'8;  and  the  average  latitude  of  the  centers  of  high  barom- 
eter is  49***7.  In  computing  the  gradient  for  the  different 
heights  of  the  barometer,  it  was  assumed  that  in  going  from 
the  low  center  to  the  high  center  the  change  of  latitude  was 
proportional  to  the  distance  passed  over.  Upon  this  principle 
were  computed  the  numbers  in  column  10th  which  represent 
the  latitudes  corresponding  to  the  points  midway  between  the 
isobars  named  in  column  1st. 

Column  11th  shows  the  gradients  conaputed  by  Ferrel's 
formula  from  the  data  in  columns  1-10.  For  pressures  above 
760™°,  the  second  term  of  the  formula  was  assumed  to  be  nega- 
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tive.  The  numbers  in  column  12th  denote  the  gradients  com-- 
puted  by  using  only  the  first  term  of  the  formula. "  The  mode 
of  obtaining  the  other  columns  will  be  explained  hereafter. 
This  table  readily  suggests  several  important  conclusions,  bat 
I  will  defer  considering  them  until  I  have  obtained  the  corre- 
sponding results  for  the  United  States. 

The  lower  part  of  Plate  I  gives  a  graphic  representation  of 
the  numbers  m  the  preceding  table.  At  the  center  of  low 
pressure  the  barometer  stands  at  712"^,  and  about  this  center 
the  isobars  are  drawn  at  intervals  corresponding  to  the  num- 
bers in  column  2d.  The  isobars  are  continued  up  to  the  center 
of  high  pressure  where  the  barometer  stands  at  792"".  The 
entire  range  of  pressure  shown  on  the  chart  is  80""  or  3*15 
English  inches.  The  arrows  represent  the  directions  of  the 
wind  shown  in  column  6th.  The  figure  next  above  the  pre- 
ceding shows  the  corresponding  gradients  from  the  low  center 
to  the  high  center.  The  distance  from  the  low  center  to  the 
high  center  is  29*81  degrees.  The  entire  figure  represents  a 
length  of  58*62  degrees,  or  4,045  English  miles. 

In  order  to  obtain  the  average  elements  of  the  violent  storms 
of  the  United  States,  1  employed  the  Weather  Maps  of  the 
Signal  Service.  I  have  a  complete  set  of  the  tri-daily  weather 
maps  from  Nov.,  1871,  to  the  close  of  1880;  and  I  have  also 
one'daily  map  from  the  beginning  of  1881  to  the  present' time, 
making  in  the  aggregate  about  11,000  maps.  The  isobars  on 
these  maps  show  much  greater  irregularities  than  those  upon 
HoflFmeyer's  charts  for  the  Atlantic  Ocean.  This  difference 
may  be  ascribed  in  part  to  the  greater  number  of  observations, 
and  the  attempt  to  draw  the  isobars  so  as  to  be  consistent  with 
all  the  observations  ;  but  a  large  part  of  the  diflference  appears 
to  be  due  to  local  disturbing  influences  which  are  more  nume- 
rous over  a  continent  than  over  the  ocean.  In  order  to  obtain 
suitable  data  for  testing  FerrePs  formula,  we  must  in  some  way 
eliminate  the  influence  of  these  local  disturbing  causes.  If  we 
should  take  an  indiscriminate  average  of  the  gradients,  wind 
velocities,  etc.,  for  all  the  storms,  it  would  require  an  immense 
number  of  cases  to  furnish  consistent  results;  and  it  is  doubt- 
ful whether  even  these  results  would  be  as  satisfactory  as  re- 
sults derived  from  a  small  number  of  cases  of  violent  storms 
which  were  less  influenced  by  local  causes.  I  have  accord- 
ingly examined  with  great  care  my  entire  series  of  weather 
maps  and  have  selected  those  ca.^es  in  which  the  barometric  de- 
pression was  greatest  and  the  isobars  were  most  regular,  and  I 
have  restricted  ray  comparisons  to  that  side  of  each  storm 
upon  which  the  winds  were  strongest,  and  the  gradients  were 
steepest.  The  comparisons  were  conducted  in  the  manner  al- 
ready described  for  the  Atlantic  Ocean.     For  the  convenience 
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of  those  who  may  wish  to  examine  some  of  the  most  remark- 
able caw9  I  giye  the  following  list. 


1814, 

Ko».     aj.3 

33.1 

1B78, 

IK7ft 

Jan.        3.3 

Uarch  16.3 

1B79, 

Not.     11.1 

39.2 

39.3 

1876, 

Jan.        9.2 

Feb.        2.1 

3.2 

■    "        16.J 

2B.2 

Much  31.1 

Dec.        8.3 

9.2 

9.3 

I8«2, 

Far  High  Baromeler. 


IB72,    Dec.      2G.3 


1876,  Nov.  30.3 
Deo.  8.3 

"  U.1 

1877,  Feb.  13.1 

"  i;).2 

1878,  Dec.  24.1 


18SI,    Feb.       6.1 
1882,     Feb.      18.1 


The  following  table  exhibits  the  average  results  for  the 
United  States  deduced  from  an  examination  of  123  cases 
treated  in  the  manner  previoualj  described.  For  convenience 
of  comparison  with  the  data  for  the  Atlantic  Ocean,  tbe  results 
have  all  been  converted  into  French  units,  with  the  exception 
of  the  numbers  in  column  1st. 


TiBU  n.— TTnttid  Statbb. 


toobin. 

S£ 

3-73 

3-36 
3'»8 
3-90 
2'80 
3-73 

13-20'36-S 
11-80  38-3 
ll'14l33'8 
11-09 '410 
iO'6442-4 
10-38  43-3 

-322 
-208 
-139 
-1-72 

-va4 

-332 

2-241 
3677 

6-3B8 
G-BB8 
8-741 
10-582 

349-0 
408-B 
684-2 
173-1 
971-2 
1175-e 

2-27 
1-99 
1-86 
1-78 
1-72 
1-68 

0" 

;rT3 

3-27 
3-OG 

2-83 
3-76 

^2 
1-60 
1-39 
1-32 
1-25 
1-30 

rk 

38-8  to  29-0 
39-0  "  29-2 
392  "  294 
39'4  "  a9'6 
29-8  "  29-8 
398  "  30-0 

1-362 

i-sn 

1-651 
1-749 
1-81U 
1-867 

3-8X 

3-sa 

3'OS 
293 

3-77 
2-60 

300  to  30-2 

30-2  '■   30-4 
30-4  "  30-6 
30-6  "  30-8 

1-945 

2'049 
2-303 
2-42T 

3-61 
2-48 

3-ai 

309 

S-66|44-4 
e03  45-2 
8-18:47-0 
7'20  49'3 

-  6-n 

-10-11 
-14-11 
-17-39 

9-68li 
7-5B9 
B-463 
3-148 

1066-1 
848-2 
607-0 
349-8 

1-45 
:-39 
1-31 

IIS 

1-43 
1-3S 

2-46 
2-33 

1-10 
1-06 
■98 

3-60 
3  60 
3-31 
2-08 

The  average  latitude  of  the  centers  of  low  barometer  was 
44°'7,  and  the  average  diameter  of  the  1st  isobar  about  the  low 
center  was  S'12  degrees.  The  average  latitude  of  the  centers 
of  high  barometer  was  46°'l,  and  the  average  diameter  of  the 
Ist  isobar  about  tbe  high  center  was  3'87  degrees.  Since  the 
average  latitude  of  the  centers  of  low  and  high  pressure  is  so 
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nearly  the  same,  in  computing  the  gradients  by  the  formnla, 
the  latitude  of  each  center  was  taken  to  be  45**. 

The  upper  part  of  Plate  I  gives  a  graphic  representation  of 
the  numoers  in  the  preceding  table,  and  is  constructed  in  the 
same  manner  as  the  lower  figure  on  the  same  plate.  At  the 
center  of  low  pressure  the  barometer  stands  at  28*7  inches;  and 
at  the  center  of  high  pressure  the  barometer  stands  at  30*9 
inches,  showing  a  range  of  pressure  amounting  to  2*2  inches. 
The  distance  from  the  low  center  to  the  high  center  ia  22*076 
degrees,  and  the  entire  figure  represents  a  length  of  44*15  de- 
grees, or  8046  English  miles. 

Upon  comparing  table  I  with  table  II,  the  first  fact  which 
attracts  our  attention  is  that  the  gradients  in  the  two  cases  do 
not  differ  very  greatly,  although  the  velocities  of  the  wind  are 
very  unequal.  For  low  barometer,  the  average  gradient  07er 
the  Atlantic  Ocean  exceeds  the  gradient  over  the  iJnited  States 
only  fifteen  per  cent,  while  the  average  velocity  of  the  wind  in 
the  former  case  exceeds  the  velocity  m  the  latter  case  by  forty 
per  cent.  This  fact  indicates  that  the  barometric  gradient  is 
determined  not  mainly  by  the  wind  which  prevails  at  the 
earth's  surface,  but  by  that  which  prevails  at  an  elevation  sach 
that  its  velocity  is  not  sensibly  affected  by  the  resistance  arising 
from  the  inequalities  of  the  earth's  surface. 

The  second  fact  which  attracts  our  attention  is  that  over  the 
Atlantic  Ocean,  violent  storms  have  a  much  greater  geograph- 
ical extent  than  they  have  over  the  United  States.  For  the 
United  States  the  average  diameter  of  the  area  of  low  pressure 
(below  30  inches)  in  the  case  of  violent  storms  is  23  degrees,  or 
1587  English  miles.  Over  the  Atlantic  Ocean  it  is  29*8  degrees 
or  2022  miles,  which  is  27  per  cent  greater  than  for  the  United 
States;  and  since  the  gradients  are  fifteen  per  cent  steeper,  the 
depression  of  the  barometer  at  the  center  of  a  violent  storm  is 
about  40  per  cent  greater  over  the  Atlantic  Ocean  than  over 
the  United  States.  This  difference  is  a  permanent  one  and 
must  be  ascribed  to  a  permanent  cause.  In  the  case  of  a  great 
barometric  depression,  there  is  a  powerful  force  in  operation, 
near  the  central  portions  of  this  area,  which  draws  in  the  sur- 
rounding air  from  a  great  distance.  The  greater  resistance 
experienced  by  the  air  in  its  motion  over  the  land  than  over 
the  water,  may  perhaps  partially  explain  the  less  extent  of  the 
low  area  in  the  United  States.  But  we  find  that  in  the  interior 
of  Europe  violent  storms  have  nearly  the  same  geographical 
extent  as  over  the  Atlantic  Ocean.  This  is  shown  by  Hoff- 
meyer's  Weather  Charts  and  by  the  International  Weather 
Maps.  Over  the  western  portion  of  Europe,  near  the  Atlantic 
Ocean,  the  barometer  frequently  falls  as  low  as  720"^,  and 
sometimes  it  falls  even  lower  than  this  at  a  great  distance  from 
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the  ocean.  In  1880,  Feb.  29th,  in  lat.  61f  **  N.  and  long.  25*"  E. 
the  barometer  fell  to  719™,  and  in  1881,  March  19th,  in  lat 
64^  N.  and  long.  39i'*  E.  it  fell  to  709'^.  The  last  storm  was 
remarkable  for  an  increase  of  intensity  in  its  progress  eastward 
over  the  continent.  When  it  left  the  Atlantic  Ocean  the  pres- 
sure at  the  center  of  the  storm  was  728°^,  and  the  pressure  fell 
to  709°*™  (27*9  inches)  as  the  storm  advanced  eastward.  Over 
the  United  States  the  barometer  never  falls  so  low.  In  my 
eighth  paper  I  gave  a  list  of  all  the  cases  in  which,  at  any  of 
the  Signal  Service  stations,  the  barometer  fell  as  low  as  29*25 
inches  during  a  period  of  two  years.  This  list  shows  only 
twenty-eight  cases  in  which  the  barometer  fell  below  2900 
inches;  it  shows  sixteen  cases  in  which  the  barometer  fell 
below  28*9  inches ;  it  shows  five  cases  in  which  the  barometer 
fell  below  28*8  inches,  and  only  three  cases  in  which  it  fell  be- 
low 28*7  inches.  These  three  cases  occurred  Nov.  18,  1873,  at 
the  first,  second  and  third  observations  for  that  day,  the  lowest 
pressure  being  28*47  inches  at  Eastport,  Me.  According  to  the 
record  of  Mr.  R.  T.  Paine,  the  lowest  point  which  the  barom- 
eter at  Boston  has  reached  during  the  past  sixty  years,  is  28*47 
inches  (Nov.  25,  1846),  and  this  is  probably  as  low  as  the 
barometer  has  fallen  in  that  part  of  New  England  at  any  time 
since  reliable  barometric  observations  have  been  made.  There 
is  no  doubt  that  the  geographical  extent  of  areas  of  low  pres- 
sure is  considerably  less^in  the  United  States  than  it  is  in 
Northern  Europe,  and  I  think  the  cause  is  to  be  found  in  the 
permanent  ridge  of  high  pressure  prevailing  in  the  southern 
portion  of  the  United  States.  My  twelfth  paper  was  accom- 
panied by  a  chart  showing  that  during  the  colder  months  of 
the  year  there  is  a  ridge  of  high  pressure  which  is  extremely 
persistent  between  the  parallels  of  80°  and  85°.  When  the 
center  of  a  great  storm  is  near  lat.  45°,  the  area  of  low  pressure 
seldom  extends  much  below  the  parallel  of  85°.  It  may  be 
inferred  that  if  a  storm  center  should  pass  farther  north,  the 
storm  would  attain  greater  dimensions  and  there  would  be  a 
greater  depression  of  the  barometer  at  the  center.  This  conclu- 
sion is  certainly  correct  for  the  eastern  border  of  the  American 
continent,  particularly  for  the  neighborhood  of  Greenland  ;  and 
it  is  probably  true  (though  in  a  less  degree)  for  the  interior  of 
the  continent ;  but  on  account  of  the  lack  of  observations  we 
cannot  make  a  very  satisfactory  coniparison. 

The  column  marked  G'  in  table  1  was  computed  from  Fer- 
reVs  formula,  assuming  that  for  pressures  above  760™°,  the 
second  term  of  the  formula  shoula  be  taken  with  a  negative 
sign.  A  careful  examination  of  this  table  will  show  that  for 
pressures  above  760°"  the  second  term  should  be  omitted 
entirely.     It  is  evident  that  if  the  circulation  of  the  air  about 
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a  center  of  high  pressure  gives  rise  to  a  centrifogal  force,  its 
effect  must  be  to  diminish  the  gradient  When  we  go  from 
a  center  of  low  pressure  to  a  center  of  high  pressure,  the  second 
term  of  the  formula  must  therefore  change  its  sign  on  passing i' 
the  line  of  mean  pressura  This  must  cause  an  abrupt  change 
in  the  computed  values  of  the  ^dient,  at  a  point  where  we 

Eass  from  the  low  area  to  the  high  area.     Such  a  change  will 
e  noticed  in  the  values  of  G'  in  table  L     But  the  observed 
values  of  the  gradient  show  no  such  change.     The  differences 
between  the  successive  values  of  the  gradient  given  in  colamn 
third  of  tables  I  and  II,  show  no  abrupt  change  marking  the 
passage  over  the  line  of  mean-pressure.    We  therefore  conclude 
that  by  the  circulation  of  the  air  around  a  center  of  high  pres- 
sure no  appreciable  centrifugal  force  is  developed.     We  also 
conclude  that  when  there  is  a  decided  centrifugal  force  in  the 
central  portion  of  an  area  of  low  pressure,  this  centrifugal  force 
does  not  extend  in  an  appreciable  degree  as  far  as  the  line  of 
mean  pressure.     This  conclusion  is  indicated  not  merely  by  the 
numbers  in  column  third  of  the  tables,  but  by  the  form  of  the 
isobar  of  760°*"  or  30  inches,  which  separates  a  low  from  a  high 
area.     This  isobar,  instead  of  forming  an  arc  of  a  circle  drawn 
about  a  center  of  low  or  high  pressure,  always  inclines  towards 
the  form  of  a  straight  line.     This  fact  may  be  verified  by  the 
examination  of  any  weather  map  showing  the  progress  of  a 
violent  storm ;  and  it  is  seen  on  various  charts  accompanying 
my   preceding  papers,  e.  g.,  paper  ninth,  storm  of  April  12, 
1874;  paper  twelth,  storm  of  Jan.  15,  1877,  and  paper  thir- 
teenth, storm  of  April  11, 1874.     The  best  results  to  be  derived 
from  Ferrel's  formula  are  obtained  by  combining  the  numbers 
in  the  column  G'  for  pressures  below  the  mean,  with  the  num- 
bers in  the  column  G"  for  pressures  above  the  mean. 

Over  the  Atlantic  Ocean  for  pressures  less  than  760°^,  the 
average  gradient  computed  by  the  formula  is  only  77  per  cent 
of  the  observed  gradient ;  and  for  pressures  greater  than  760^ 
the  average  gradient  computed  by  the  formula  (omitting  the 
last  term)  is  only  73  per  cent  of  the  observed  gradient.  If  we 
multiply  the  gradients  computed  for  an  area  of  low  pressure  by 
1*3,  we  obtain  the  first  nine  numbers  in  column  thirteenth  of 
table  I,  and  if  we  multiply  the  gradients  computed  for  a  high 
area  by  1*36  we  obtain  the  last  six  numbers  in  column  thir- 
teenth. We  perceive  that  the  differences  between  the  numbers 
in  columns  G  and  Q'"  are  not  very  great. 

Over  the  United  States,  for  pressures  less  than  30  inches,  the 
average  gradient  computed  by  the  formula  is  only  61  per  cent 
of  the  observed  gradient,  and  for  pressures  greater  than  thirty 
inches,  the  average  gradient  computed  by  the  formula  (omitting 
the  last  term),  is  also  about  61   per  cent  of  the  observed  gra- 
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dient.  If  we  multiply  the  gradients  computed  for  an  area  of 
low  pressure  by  1*645,  we*  obtain  the  first  six  numbers  in 
column  eleventh  of  table  II;  and  if  we  multiply  the  gradients 
computed  for  a  high  area  by  1*63  we  obtain  the  last  four  num- 
bers in  column  eleventh.  We  perceive  that  the  differences  be- 
tween the  numbers  in  columns  G  and  G'^'  are  less  than  they 
were  in  table  I. 

This  comparison  indicates  that  the  resistance  encountered  by 
the  air,  even  over  the  ocean,  is  considerably  greater  than  that 
assumed  in  the  formula.  Having  discovered  that  the  coeffi- 
cient sec.  t,  employed  in  Ferrel's  formula,  does  not  adequately 
represent  the  resistance  which  the  air  near  the  earth's  surface 
experiences  in  violent  storms,  I  endeavored  to  modify  the 
formula  so  as  to  represent  the  observations  more  accurately, 
and  found  that  the  K>llowing  formula 

•167  V  sm.  (D  +  1076-4^^ '-    t>  /«\ 

r^ r^_       f^  (2) 

(1  +  -004  t)  '  P' 

gave  very  good  results  when  combined  with  a  suitable  coeffi- 
cient. Column  fourteenth  in  table  I,  shows  the  numbers  com- 
Euted  from  this  formula,  the  last  six  numbers  being  obtained 
y  employing  only  the  first  term  of  the  formula.  By  multiply- 
ing the  first  nine  numbers  by  1*547  and  the  last  six  numbers 
by  1*92,  we  obtain  the  numbers  in  column  fifteenth,  and  we 
perceive  that  these  numbers  agree  with  the  observed  gradients 
given  in  column  third  better  than  the  numbers  computed  by 
Perrel's  formula.  In  the  latter  case  the  average  error  of  the 
computed  gradients  (disregarding  their  algebraic  signs),  is  0*12, 
while  in  the  former  case  it  is  only  0*05. 

Applying  the  same  formula  to  table  11,  we  obtain  the  num- 
bers in  column  twelfth ;  and  if  we  multiply  the  first  six  num- 
bers by  2*218  and  the  last  four  numbers  by  2*362,  we  obtain 
the  numbers  in  column  thirteenth,  and  we  perceive  that  these 
numbers  accord  very  well  with  the  observed  gradients  given  in 
column  third.  For  both  table  I  and  table  II,  the  average  error 
of  formula  (1)  (disregarding  the  algebraic  signs)  is  0*088™™, 
while  the  average  error  of  formula  (2),  is  only  O'Oil™™. 

It  may  be  thought  desirable  to  ascertain  how  far  the  preced- 
ing formulas  will  represent  the  phenomena  of  a  particular 
storm.  For  this  purpose  I  have  selected  the  remarkaole  storm 
of  Feb.  5,  1870,  of  which  an  account  has  been  given  by  Capt. 
Toynbee  in  No.  13  of  the  Publications  of  the  English  Meteoro- 
logical Council.  Besides  the  observations  given  in  Captain 
Toynbee's  Memoir,  I  have  endeavored  to  obtain  additional  ob- 
servations both  for  the  Atlantic  Ocean  and  the  adjacent  con- 
tinents.   For  the  Atlantic  Ocean  I  have  met  with  small  success, 
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but  for  the  oontineDt  of  Saifope  tbere  fti«|mtd!ifa«d 
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Mrred  preamire.  The  obaamttona  of  the  tmmI  Oarl  Oeoigi 
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,  aepaiately,  I  nave  (livided  the  obiemtione  into  four  gRmw 
and  taken  the  aTerase  valoe  erf  thaqorreapoodhigdatafix'H 
Ae  TeBMls  iDcladed  in  a  group,  and  tbe  lesnlta  are  girea  ii 
table  V.  Ko.  1  indiosting  a  preainre  mnoh  leas'thsn  any  otbar 
Tenel  is  allowed  to  atand  b;  itaelf  and  forms  the  flistline  of 
table  v.  Nob.  S-6  showing  prsBBorea  between  38-0  and  26-S 
inohea  ibnn  tbe  seeood  gronp^  and  the  aTerage  of  the  ofaflem- 
tioin  for  these  five  Teflaels  ia  given  in  tbe  aewnd  Hne  of  tiUa  "* 
T.  Nob.  7-11  showing  preasorsB  between  86*6  and  S0-O  incbci 
form  the  third  gronp  wad  Jlh.9  averages  are  given  in  tbe  thH 

Tabu  III.    ATUkane  Ooux,  IBIO,  Fn.  6, 1^  3tt>  p.  iL,  QamwiCH  Tm 


JJ'P 


Tarifft 161" 

W«B0t -19  : 

MaratlidD iSO  i 

City  of  Cork.. jftO  1 

Orontea ;60  i 

UinnMota jCil  i 

0.  Antwerp.. .;*8  i 

ItidiB -j61  f 

EnKlnnd 61 

Queen 61 

NeBLoriBn [>6  I 

Teueiuelun .IB 

Hel»etia jll  ' 

Cuban ke  1 

Wenpha1ift...4T 

PriiuiBD '48  1 

Denmark  . 


8' Nile  . 


.  44   4 


B  34  W 

S2BB 

9  79W 

S79W 

S79  W 

3  74  W 

West 

IJ79W 

ii-3  1-G 
25-3  4-S 
S5-3    2-6 


133H 
14331 

10013 

im-t 


line  of  Table  V.     Nos.  12-18  sbowiDg  pressures  between  294 
and  SO-0  inches  fonn  the  foarth  groap  and  tbe  averages  u« 
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;iven  iu  the  fourth  line  of  table  V.  Table  IV,  Noa.  19-24 
bows  obaervatJons  tor  the  same  instant  from  six  stations  in 
relnnd,  Scotland  and  neighboring  islands,  and  tlie  avernges  for 
hese  stations  are  given  in  the  fiTlli  line  of  tnble  V. 

Tabu:  IV,     Land  Obbbevatiomb,  1870,  Vzb.  5,  l*  36'"  v.  m. 
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In  three  of  these  caa^  the  direction  of  the  wind  as  reported 
ffas  outward  from  the  center  of  the  low  area,  and  for  the  first 
fix  cases  the  average  inclination  of  the  wind  to  the  isobars  was 
wro,  I  have  therefore  inserted  in  table  V  the  inclination  for 
;he  first  two  lines  na  zero,  although  the  wind  reported  by  the 
Tarifa  was  inclined  12°  inward.  Column  9th  in  table  V  shows 
;he  gradients  computed  by  formula  (1)  and  column  10th  shows 
;he  values  in  column  9th  multiplied  by  1-32.  Column  llth 
ihons  the  gradient  computed  by  formula  (2),  and  column  12th 
jhowa  the  preceding  values  multiplied  by  1'32.  It  will  be  ob- 
served that  both  formulas  give  the  same  result  in  the  first  two 
ines,  as  should  be  the  case  since  the  formulas  become  identical 
*hen  1=0.  For  the  first  three  lines  the  computed  gradients 
'multiplied  by  1'32)  agree  well  with  the  observed  gradients; 
out  for  the  fourth  line  the  computed  gradients  are  too  great, 
ind  for  the  fifth  line  they  are  too  small.  The  wind  velocities 
reported  by  the  vessels  12-18  are  greater  than  are  usually 
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found  aasooiated  with  the  giTen  gradients ;  and  the  veloQitM 
at  the  stations  20-22'  were  less  than  are  usoaUj  associated  with 
the  gradients  ezistine  at  that  time.  This  example  shows  how 
a  general  formula  (alwough  founded  on  oorreet  principles)  maj 
fail  to  represent  accurately  the  gradients  for  the  separate  ob0e^ 
vations  of  any  particular  storm.  The  close  agreement  of  the 
computed  gmdients  with  the  observed  gradients  in  the  fint 
three  lines  Si  the  table  must  be  r^^arded  as  highly  satis&ctorj; 
and  the  discrepancies  found  in  lines  4  and  6  shpw  that  a  don 
agreement  between  the  observed  and  computed  gracUentB  ii  to 
be  expected  only  when  the  data  compared  are  deduced  from 
the  average  of  a  large  number  of  observations. 

Th^  accompanying  map  shows  the  isobars  for  the  storm  hen 
investigated.  The  curves  were  first  drawn  with  grsat  oin 
upon  a  map  whose  scale  was  more  than  three  times  as  hxfgb  m 
that  of  the  map  here  given.  For  the  southern  half  ot  the  low 
area  the  position  of  the  isobars  is  well  determined.  For  the 
northern  half  of  the  low  area  the  number  of  observations  ii 
small,  and  the  exact  position  of  the  isobars  cannot  be  certainly 
assigned ;  but  this  uncertainty  does  not  materially  affect  tM 
conclusions  derived  from  the  observations  in  table  IIL  Aiu^ 
ing  the  progress  of  this  storm,  there  was  an  area  of  high  pra- 
sure  preyaifins  over  the  northeast  part  of  the  United  States,  a 
second  area  of  high  pressure  prevailed  along  the  northwest 
coast  of  Africa ;  and  a  third  area  in  the  northeast  part  of 
Europe.  As  the  pressure  in  the  latter  case  was  unusually  high, 
I  have  collected  observations  sufficient  to  determine  the  posi- 
tion of  the  isobars.  Table  YI  shows  the  observations  from  98 
stations  derived  from  the  official  publications  of  Russia,  Aus- 
tria, Sweden,  Norway,  etc.  Some  of  the  observations  were 
derived  from  the  Bulletin  de  TObservatioire  de  Paris.  As  these 
observations  are  only  given  for  8  A.  M.,  I  have  taken  the  mean 
of  the  barometric  observations  for  Feb.  6  and  6.  Since  tho 
change  of  pressure  during  these  24  hours  was  generally  less 
than  6°^  the  error  of  the  result  thus  obtained  cannot  be  very 
great.  The  isobars  to  which  the  greatest  importance  is  attached 
are  howeyer  derived  solely  from  observations  made  near  8  P.M. 
The  barometric  observations  have  all  been  reduced  to  sea-leveL 
In  the  Russian  observations  the  force  of  the  wind  is  expressed 
by  the  scale  1-10;  in  the  Norwegian  observations  the  scale  is 
1-6 ;  and  in  the  Swedish  observations  it  is  1-4. 
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Table  VI.    Eubopb,  1870,  Feb.  5,  8  p.  m.,  Greenwich  Time. 


tatlon. 


ida  .. 

ISIlDd 

jid  .. 
d 

1  .... 

!ors  _ . 
dt... 
raburg 
lia  .. 

Port" 
Im... 

es 

nd... 

ik'.'.' 
?.... 

d*!."." 

•den  _ 
ue 

lU 

chl"" 
en... 

jue  -. 

;ht... 

e 

?  .... 
rs 

irg... 


70°  22' 

69  39 

67  17 

65  51 

65  28 

64  57 

64  33 

63  7 

62  38 

62  29 

61  36 

61  6 

60  53 

60  36 

60  24 

60  10 
59  59 
59  56 
59  55 
59  26 
59  23 
59  21 
59  20 
59  9 

59  5 
58  23 
58  2 
57  46 
57  42 
57  39 
56  58 
56  40 
56  40 
56  39 
55  56 
55  46 
54  41 
53  12 
'53  12 
52  58 
52  13 
52  5 
51  45 
51  29 
51  25 
51  20 

61  2 
50  61 
50  51 
50  44 

60  26 
50  5 
50  4 
49  50 
49  46 
49  38 


31°  7' 

18  58 

14  24 
24  11 

12  14 
34  39 
40  32 

7  45 

17  57 

6  9 
5  2 

7  27 
11  33 

15  37 
5  20 

24  57 

29  47 

30  16 
10  45 
24  45 

13  30 
24  3 

18  5 
5  16 

10  27 
26  43 

7  27 

16  38 

11  58 
18  19 

24  6 
16  21 

12  51 
23  44 

13  8 
37  40 

25  18 


5 
6 
4 
21 
5 
1 
0 
3 


60 

34 

45 

1 

7 

16w. 

0 

35 

12  24 

2  22 

5  41 

4  22 

1  30 

31  31 

14  25 

19  57 

24   2 

4  44 

1  36w. 


Barom. 
tea  level. 


29*88 

3000 

30-12 

30-40 

30-17 

30-60 

30-94 

30-03 

30-50 

3003 

30-05 

30-31 

30*59 

30*51 

30-15 

30-89 

31-00 

31*09 

30-58 

30-98 

30-67 

3100 

30-71 

30-24 

30-57 

3107 

30-47 

30-61 

30-60 

30-71 

30*92 

30-74 

30-51 

30*93 

30-50 

3C-98 

30-77 

30-10 

30-11 

30-02 

30-71 

30-10 

29*94 

29*85 

3002 

30-32 

30*06 

29-85 

3001 

29*90 

30-65 

30-56 

30-66 

30-66 

30-06 

29-97 


Therm. 

Direct. 

Fahr. 

wind. 

26 

W. 

39 

S.W. 

33 

E. 

14 

s. 

35 

-  3 

8.W. 

-10 

S. 

43 

S.S.E. 

21 

S.S.  W . 

41 

R.S.i!). 

39 

E.S.E. 

36 

E. 

14 

15 

38 

0.0.  £. 

-16 

S.E. 

-16 

22 

-12 

a 

21 

a 

-11 

a 

21 

a 

33 

E.S.E. 

23 

E. 

-22 

aR. 

27 

E.S.E. 

19 

18 

aE. 

14 

s.aE. 

-15 

aB. 

16 

aE. 

19 

as. 

-15 

15 

E.S.B. 

-15 

N.E. 

-17 

E. 

27 

E.S.E. 

26 

aE. 

33 

E.aB. 

-13 

E. 

34 

aE. 

42 

43 

s. 

42 

s. 

E. 

41 

S.S.E. 

41 

N.E. 

45 

aaw. 

39 

aaw. 

-18 

N. 

13 

-16 

-19 

34 

E. 

39 

a 

Force. 

4 
1 
1 
2 
0 
4 
6 
2 
2 
2 
2 
3 
0 
0 
2 

4 
0 
0 
4 
1 
4 
1 
4 
2 
2 
4 
0 
1 
1 
4 

u 

3 
0 
2 
2 
2 
2 
2 
2 
4 
1 

3 
3 
1 
1 
2 
1 
1 
2 


1 
2 


\ 
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Table  Yl—ConHnued, 


Blatlon. 

Lat. 

La 

0° 

2 

2 

0 
39 

7 
16 

3 
21 

6 
28 
31 

7 

1 
30 
20 
30 

0 

1 
15 

4 
13 

7 
13 

0 
33 

1 
11 
13 

1 

3 

5 

2 

10 
11 
12 

2 

19 

8 
0 

13 
5 

ng. 

Barom. 
Bea  leyel. 

Therm. 
Fahr. 

Direct, 
wind. 

Force. 

Havre 

490  31' 

48    60 
48    48 
48    45 
48    35 
48    35 
48     12 
47    44 
47    32 
47     14 
47       1 
46    58 
46    57 
46    40 
46    29 
46    15 
46      5 
45    56 
45    51 
45    49 
45    45 
45    39 
45     11 
44    52 
44    50 
44    37 
44       I 
43    46 
43    36 
43    30 
43     23 
43     18 
43     15 
43     11 
42      4 
41     54 
41     23 
41     19 
41       9 
39    40 
-38      7 
36      3 

6' 
20 

7 
67w. 
20 
45 
22 

21w. 
41 

1 
50 
58 
26 

38w. 
44 

8 
29 

58w. 
14 
55 
49 
46 
41 
50 

32w. 
33 
20 
14 
33 

30w. 
10 
23 

59w. 
27 
45 
29 
11 
28 

37w. 
40 
22 
35w. 

29-98 
3002 
29-94 
29-97 
30-67 
30-20 
30-38 
29-93 
30-36 
30-12 
30-46 
30-41 
30-11 
80-09 
30-58 
30-42 
30-66 
29-94 
29-99 
30-20 
30-18 
3014 
30-18 
30-12 
3000 
30-26 
30-10 
30-16 
3017 
29-98 
30-07 
3004 
3007 
3009 
3002 
30-03 
3003 
3015 
30-33 
29-96 
29-99 
30-28 

41 
40 
46 
43 

—  3 
22 
10 
40 

—  3 
32 

-11 

—  9 
-26 

41 

—  11 
11 

—  5 
44 
41 
22 
41 
38 
34 
44 
43 
14 
41 

39 
43 
43 
43 

44 

50 
47 

36 

1 

S.K. 

S.W. 

S.W. 

E. 

K. 
W.N.W. 

N.B. 

N. 
N. 

N.E. 
N.E. 

N.E. 

S.W. 

s. 

N.E. 
S.W. 

N.E. 
S.K. 

S.K. 

I 

Paris 

Versailles ., 

Beaiillcel 

0 

Luflran .. 

Straabourg 

Wien 

Lorient . 

Debreczin 

BeRanQon 

Kischinef 

Nikolajef 

Berne 

Napoleon  Vendee  ._ 
Odessa . 

Scegedin 

Dniestrowski 

Rochefort 

Limoges 

Acrram 

Lyon .- 

Triest 

Turin 

Pola 

Bordeaux 

Sewastopol 

Montauban 

Florence  

Ancona _ 

liavouno 

Cett43 

Marseille 

Bilbao 

Losina 

Civiia  Vocchia 

Rome 

Barcoloua  _ 

2 
0 

Durazzo 

Oporto 

Palma 

Palermo- 

Tarifa 

The  following  table  shows  the  state  of  the  barometer,  etc..  at 
several  additional  station?,  most  of  them  being  situated  in  the 
northern  half  of  the  low  area. 

On  the  accompanying  map,  the  isobars  are  drawn  at  intervals 
of  two-tenths  of  an  inch  from  31  inches  to  274  inches.  The 
direction  of  the  winds  is  also  shown  for  a  considerable  number 
o^  stations,  and  its  force  is  indicated  bv  the  number  of  feathers 
on  the  arrows  (scale  1-6). 
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We  cannot  well  avoid  the  conclusion  that  an  area  of  high 
3ssure  so  remarkable  a^3l  inches  situated  so  near  to  an  area 


Btatlon. 

Latltade. 

Longitude. 

barometer. 

Thermom- 
eter. 
Fahr. 

Wind. 

Direction. 

Force. 

ine  Island 

obshavn  

kkisholm 

•rison  Pt 

'^kiavig 

74  32 
69  13 
65     5 
64  55 
64  20 
64  11 
61   12 
60  45 
47  30 
38  39 

O               1 

18  49 

50  55 
22  46 
67   15 
22     0 

51  46 
48   11 

0  55 
53  15 
27   16 

2961 
29-54 
28-92 
29-98 
28-62 
29-29 
2919 
29-74 
30-10 
30-01 

-2 
3 
34 
-30 
39 
16 
25 

39 

NE 

East. 

WNW 

NE 

NE 

West. 

SW 

SW 

7 
2 

Ithaab 

4 

ctut 

2 

"th  Unst 

John's 

1 

ceira 

low  pressure  still  more  remarkable  is  not  the  result  of  acci- 
at.  From  Jan.  29th  to  Feb.  8th  a  low  area  of  unusual  mag- 
ude  prevailed  over  the  Atlantic  Ocean,  and  during  all  this 
le  an  area  of  high  pressure  prevailed  over  Europe  with  un- 
lal  persistence  and  at  length  attained  an  extraordinary  mag- 
ude.  At  St.  Petersburgh  the  barometer  rose  steadily  from 
i°^  on  the  29th  of  January  to  790°*°*  on  the  6th  of  February, 
e  know  that  within  a  low  area  the  air  ascends,  and  that 
thin  a  high  area  it  descends.  It  seems  natural  to  conclude 
it  the  air  which  ascended  from  the  low  area  prevailing  over 
5  Atlantic  Ocean  descended  in  the  high  area  which  prevailed 
er  Northeastern  Europe.  According  to  this  view,  the  high 
la  would  be  (at  least  in  part)  the  effect  of  the  low  area.  The 
tward  flow  of  air  from  the  high  area  must  supply  the  inward 
w  of  some  low  area.  This  high  area  in  Northeastern  Europe, 
b.  5th  seems  to  have  supplied  in  some  degree  the  air  for  the 
7  area  over  the  Atlantic,  but  it  could  not  have  been  the  prin- 
►al  supply,  for  the  movement  of  the  air  from  the  high  area 
a  sluggish.  But  on  the  6th  of  February  the  outward  move- 
mt  from  the  west  side  of  the  high  area  became  stronger,  and 
s  movement  became  still  more  decided  on  the  7th  and  8th, 
which  time  the  low  center  had  reached  the  coast  of  Ireland. 
I  us  high  areas  appear  to  be  built  up  by  low  areas,  and  high 
jas  become  feeders  to  low  areas. 

Table  I,  page  444  will  enable  us  to  construct  the  curve  which 
)resenis  the  path  of  a  particle  of  air  in  its  progress  towards 
5  center  of  an  area  of  low  pressure.  Column  6th  shows  the 
jlination  of  this  curve  to  the  isobars  at  a  series  of  points 
dway  between  the  isobars  shown  in  column  1st.  Plate  III 
hibits  these  curves  for  an  area  of  low  pressure  and  also  for  an 
;a  of  high  pressure.     There  are  certain  important  particulars 
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in  wliioh  this  figure  does  not  correspond  to  natnra    The  udbin 

'  aboat  a  low  center  in  a  great  storm  ai^  never  exact  cirdeB;  tnd 

when  an  area  of  high  pressure  meets  an  area  of  low  presBiire 

the  isobar  of  760^  tends  to,a9same  the  form  of  a  straight  line 

We  see  from  this  figure  that  the  path  of  a  particle  of  air  in 
its  progress  towards  a  low  center  is  not  a  logarithmic  spinL 
The  angle  which  this  curve  forms  with  the  isobars  is  not  oon* 
stant,  but  diminishes  in  approaching  the  center  of  ths  low 
area.  This  change  in  the  an^le  of  incliuation  is  not  simply  in 
occasional  occurrence,  but  is  an  tnvariaUe  charaoteristic  of 
great  and  violent  storms. 

In  mj  2d  and  8th  meteorological  papers  I  gave  a  table  shot- 
ing  the  mean  distance  between  the  isobars  in  the  neighborhood 
of  a  storm's  center  (the  isobars  being  drawn  at  intervals  of  onk- 
tenth  inch)  for  all  velocities  of  the  wind  from  aero  to  60  mila 
per  hour,  according  to  the  United  States  Signal  Service  mn^ 
If  for  these  velocities  we  compute  the  corresponding  gradient 
we  shall  find  that  the  results  do  not  accord  well  with  the  pie- 
cedine  formulas.  According  to  these  formulas  the  gradient 
should  be  zero  when  the  velocity  of  the  wind' is  zero;  and  for 
a  given  locality  the  gradient  should  increase  nearly  in  the  saou 
ratio  as  the  velocity  of  the  wind.  But  according  to  the  tables 
above  mentioned,  when  the  velocity  of  the  wind  is  zero,  the 
gradient  amounts  to  0*075  inch  for  a  distance  of  100  miles,  and 
for  a  velocity  of  60  miles  per  hour  the  gradient  is  only  three 
times  as  great  as  for  a  velocitv  of  zero.  These  anomalies  re- 
sult partly  from  the  mode  in  which  the  tables  were  constructei 
A  sheet  of  paper  was  ruled  with  40  vertical  columns  and  at 
the  head  of  the  columns  were  placed  the  numbers  0, 1,  2,  S, 
etc.,  to  denote  the  velocity  of  the  wind.  For  each  station 
within  an  area  of  low  barometer  the  distance  between  the  two 
adjacent  isobars  was  measured,  and  the  distance  recorded  under 
the  corresponding  velocity  found  at  the  top  of  one  of  the  ver- 
tical columns.  Now  it  frequently  happens  that  the  velocity  of 
the  wind  at  some  station  is  zero ;  but  according  to  the  Signal 
Service  maps  the  gradient  is  never  zero.  Indeed  it  frequenilj 
happens  that  at  some  station  the  velocity  of  the  wind  is  zero 
when  the  gradient  is  very  steep.  The  following  examples 
taken  from  the  volume  of  observations  for  September,  1877, 
will  show  the  truth  of  this  statement  In  each  of  these  cases 
the  velocity  of  the  wind  was  reported  to  be  zero. 

It  is  evident  that  in  these  cases  the  gradients  were  not  the 
result  of  a  calm,  but  they  resulted  from  a  strong  general  move- 
ment of  the  atmosphere,  and  the  calms  reported  at  certain  sta- 
tions were  exceptions  to  the  general  movement  of  the  atmo- 
sphere and  resulted  from  local  causes.  If  we  combine  these 
steep  gradients  with  the  small  gradients  which  usually  aocom- 
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pany  feeble  winds  we  obtain  an  average  gradient  which  is  con- 
siderably too  large. 


Date. 

SUtion. 

Barometer. 

Gradient 
tol». 

1877,    Sept  3.3a... 

4.1.... 

10.1.... 

12.3.   .. 

13.3 

21.1.... 
22.1..-. 
28.3.... 

St.  Paul,  Minn 

St.  Paul,  Minn. 

Knoxville,  Tenn 

Duluth.  Minn. 

Duluth,  Minn 

Albany,  N.y 

Duluth,  Minn. 

Ft  Sully,  Dak 

29*80 
80 
•89 
•90 
•70 
•90 
•78 
•42 

0070  inch. 
•097 
•065 
•076 
•097 
•062 
•080 
•092 

On  the  other  hand  we  sometimes  find  stations  where  the 
wind  is  very  high  and  the  gradient  is  small.  If  we  examine 
the  250  cases  of  winds  amounting  to  40  miles  per  hour  reported 
in  my  8th  paper  we  find  that  in  several  of  tnem  the  gradient 
was  very  small.  This  will  be  seen  from  the  following  list 
where  column  sixth  shows  the  gradient  to  one  degree  ex- 
pressed in  decimals  of  an  inch. 


Date. 

BuUon. 

Barom. 

Wind. 

Gradient 
tor. 

Dlrect'n. 

Veloc'y. 

1872,  Oct     7.1.. 

1873,  Jan.    8.2.. 

16.2.. 
Feb.  22.3. . 
Nov.  6.2.. 

12.1.. 
Dec.    9.1.. 

12.3.. 

1874,  Jan.    4.1.. 

4.2.. 
Apr.  17.1.. 

Indianola,  Tex 

Key  West,  Fla 

Punta  Rassa,  Fla 

Indianola,  Tex 

Galveston,  Tex 

Galveston,  Tex 

Key  West  Fla 

Inai|ttiola,  Tex. 

Indianola,  Tex 

Indianola,  Tex 

Indianola,  Tex. 

29-99 
30*03 
29-93 
30-17 
3005 
30-21 
30^18 
30-22 
30-12 
30-25 
30-05 

N 

N 
NW 

N 

N 

N 
NB 

N 

N 

N 

N 

43 
40 
41 
48 
40 
40 
40 
40 
48 
40 
40 

0053  inch. 
•059 
•049 
•049 
•052 
•062 
•052 
•052 
•063 
•063 
•063 

It  will  be  noticed  that  all  these  stations  are  on  the  coast  of 
the  Gulf  of  Mexico ;  that  in  each  case  the  wind  was  northerly, 
and  all  (with  perhaps  one  exception)  occurred  during  the  pre- 
v|ilence  of  what  is  popularly  known  as  a  vorther.  Now  when 
we  combine  these  cases  of  small  gradients  with  the  cases  of 
steep  gradients  which  usually  attend  a  wind  of  forty  miles  per 
hour,  the  average  value  of  the  gradient  is  very  much  reduced. 
Thus  we  find  that  by  combining  in  a  common  average  the 
observations  from  all  portions  of  the  United  States  in  the  man- 
ner adopted  in  my  second  paper,  we  obtain  an  average  gradient 
which  is  too  great  for  the  small  velocities  of  the  wind,  and  too 
small  for  the  high  velocities.  For  a  velocity  of  the  wind 
amounting  to  about  twenty  two  miles  per  hour,  the  gradients 
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found  ia  my  seoond  paper,  aooord  very  well  witbihoae  dmm 
in  table  n  on  page  447  of  ihe  present  paper,  .These  naohi  thaOf 
when  oarefnlly  examined,  do  not  appear  to  be  inoonaiateat  wkh 
the  resnlta  of  the  present  article;  but  in  order  to  teat  in  a  siUis- 
fiictpry  manner  the  foro^nlao  h(aie  g^veni  the  obaenrattona  ahooU 
be  classified  so  as  to  show,  not  merely  the  TeUmty  of  the  wind 
corresponding  to  a  given  gradient,  but  also  tm  barometm 
pressure,  the  temperature  of  the  air,  the  inclination  of  the  wind 
to  the  isobars,  and  the  distance  ci  each  station  from  the  center 
of  low  pressure.  '  It  also  seems,  undemrable  to  combine  in  a 
common  average  observations  from  stationa  which  diffbr  greatly 
in  their  local  peculiaritiea. 

Several  European  meteorologists  have  determined  the  bsio> 
metric  gradient  corresponding  to  different  vdodtiea  of  the  wiad, 
by  comparing  observations  at  a  single  station  with  obserw 
nous  at  Deignboring  stations.  Messrs.  Whipple  and  Babr 
have  determined  ^he  barometric  gradients  at  Kerw  hj  col^ps^ 
ing  the  Kew  observations  for  five  years  with  obe«rvaliODa  msds 
at  other  stations  dis^nt  about  ICiO  milea  The  gradients  tlm 
determined  accord  well  with  the  rssultb  cf  the  prasent  piM 
aa  will  be  seen  from  the  following  table,'in  whion  cdumii  not 
shows  the  velocity  of  the  wind  expressed  in  mettts  per  aaocal '. 
and  column  second  shows  the  corresponding  mdlent  ex|«ssi<a 
in  millimeters  for  a  distance  of  one  degree.  The  inclinatMNi  of 
the  wind  to  the  isobars  was  found  to  be  nearly  the  same  for  all 
velocities  of  the  wind  and  is  taken  equal  to  88^  The  distance 
of  Kew  from  the  centers  of  low  pressure  is  not  given,  but  since 
60  per  cent  of  all  the  observations  were  employed,  it  is  pre* 

Barometric  gradikntr  for  Kew,  Bnoland. 
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sumed  that  in  about  half  of  the  cases  the  pressure  was  above 
the  mean,  and  that  in  most  of  the  remaining  cases  the  radios  of 
the  isobars  was  large.     We  are  therefore  obliged  to  n^lect 
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the  direct  effect  of  centrifugal  force,  and  it  is  presumed  that 
the  error  resulting  from  this  omission  is  not  very  great.  Since 
the  pressure  and  temperature  of  the  air  corresponding  to  the 
different  wind  velocities  is  not  given,  we  are  obliged  to  neglect 
the  influence  of  these  terms.  The  latitude  of  Kew  is  51°  28'. 
Under  these  conditions  FerreVs  formula  becomes 

G  =  0-1668«, 

from  which  are  deduced  the  values  in  column  third.  These 
values  (with  the  exception  of  the  last)  are  all  less  than  the  ob- 
served gradients  shown  in  column  second.  If  we  multiply 
each  of  the  numbers  in  column  third  by  1*64,  we  obtain  the 
numbers  in  column  fourth.  The  differences  between  the  num- 
bers in  column  second  and  those  in  column  fourth,  are  shown 
in  column  fifth.  It  will  be  seen  that  for  velocities  of  the  wind 
greater  than  twelve  miles  per  hour,  the  corresponding  gradients 
in  column  fourth  are  less  than  the  observed  gradients ;  but  for 
velocities  less  than  twelve  miles  per  hour,  the  gradients  in 
column  fourth  are  greater  than  the  observed  gradients.  The 
differences  shown  in  column  fifth  may  in  part  be  ascribed  to 
the  factors  of  the  formula  which  we  have  been  obliged  to  neg- 
lect. 

These  results  confirm  the  conclusions  previously  stated  in 
this  paper,  and  appear  to  demonstrate  that  the  principles  of 
FerreVs  formula  are  correct,  except  that  the  effect  of  friction  is 
considerably  greater  than  he  has  supposed. 

The  preceding  paper  was  written  and  presented  to  the  Na- 
tional Academy  of  Sqiences  last  April,  but  its  publication  has 
been  delayed  by  sickness.  • 


Art.  LI. — A  Brief  Study  of  Vesta;  by  M.  W.  Harrington. 

It  has  long  been  suspected  that  several  of  the  asteroids  have 
variable  light,  but  so  far  as  I  know  they  have  not  been  studied 
with  reference  to  this  point  except  by  Ferguson  over  thirty 
years  ago.  One  of  the  tasks  whicn  I  have  desired  to  under- 
take has  been  that  of  testing  more  accurately  the  variability  of 
the  asteroids,  and,  last  spring,  while  studying  the  character  of 
observations  made  with  the  wedge-photometer,  I  embraced  the 
opportunity  of  taking  a  series  of  observations  on  Vesta  while 
near  her  stationary  point.  She  was  at  this  time  not  far  from 
Argelander's  stars,  JDurchmusterung,  zone  22°,  numbers  2163 
and  2164,  of  which  the  former  was  fainter,  the  latter  brighter 
than  Vesta.  My  observations  were  made  by  taking  on  2164, 
Vesta  and  2163  each,  five  observations  of  extinction  in  as  rapid 
succession  as  possible.    The  mean  of  the  five  extinctions  of 
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Mob  body  was  taken  and  is  entered  aa  the  daiam  in  tiie  fellow* 
ing  tabla  Tbe  variations  in  tbese  numbers  for  the  stars  an 
probably  due  to  sonroes  of  Photometric  error,  bat  I  took  espeebl 
pains  to  have  these  errors  the  same  for  all  thhee  of  the  bodia 
observed  so  that  thej  would  be  eliminated  in  a  oomparisoo  of 
the  three.  I  cannot  hope  that  I  have  entirely  saooeededy  but  it 
was  my  special  study  to  do  sa 
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In  tbe  first  column  are  given  the  Ann  Arbor  sidereal  times 
of  tbe  middle  of  the  set  of  observations  on  the  three  bodies. 
In  the  second,  third  and  fourth  are  the  times  taken  by  the  stars 
from  entrance  on  the  wedge  to  extinction.  Argelander  gives 
as  the  magnitude  of  the  first  comparison  star  5*8  and  oi  the 
second  8*8.  If  we  adopt  these  magnitudes  and  assume  that  tbe 
stars  do  not  vary  during  the  course  of  the  observations,  we 
can  easily  determine  the  magnitude  of  the  asteroid  at  the  time 
of  observation.  As  the  magnitude  of  the  star  and  the  time  of 
extinction  in  tbe  wedge  change  as  the  logarithm  of  die  light, 
they  can  be  compared  directly.  The  fifth  column  was  formed 
by  the  proportion, 
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here  m^,  m,,  m^  and  e^j  6,,  «•  are  the  magnitudes  and  times 
■  extinction  of  2164,  2163  and  V  esta  respectively.     The  change 

brightness  of  Vesta  due  to  change  in  distance  from  the  earth 
ould  not  be  appreciable  from  day  to  day.  Indeed,  for  the 
hole  interval  during  which  observations  were  taken  it  would 
3  but  about  0'25  of  a  magnitude.  It  may  therefore  be  neg- 
cted  for  the  present  purpose. 

Can  we  conclude  from  the  observations  that  Vesta  is  variable  ? 
think  that  we  can.     A  test  of  the  accuracy  of  the  observation 

obtained  lyr  comparing  the  diflfierence  in  lime  of  extinction  of 
le  two  stars.  It  is*  fairly  uniform  and  generally  decreases  at 
16  later  hours  as  the  stars  approached  the  horizon — as  it  should 
o.  The  errors  arising  from  this  source  would  be  large  if  we 
ttempted  to  obtain  Vesta's  light  by  comparison  with  one  star, 
ut  they  are  eliminated  by  comparing  her  with  two  between 
rhich  she  falls  in  brightness. 

As  to  the  first  magnitude  obtained  (which  is  the  lowest  of 
11)  the  record  gives  no  evidence  of  its  being  less  trustworthy 
ban  the  others.  On  the  contrary,  Vesta  was  at  that  time  in 
he  best  position  for  comparison,  and  I  had  already  had  some 
ractice  in  comparing  her  with  a  single  star.  Her  faintness  at 
bat  time  was  so  great  as  to  strike  my  attention  before  putting 
be  wedge  on  my  instrument.  But  leaving  that  out,  the 
bservations  show  a  maximum  at  about  xv^  on  the  18th,  one 
pproaching  on  the  16th  at  the  close  of  the  observations,  a 
urious  variation  on  the  16th,  ^nd  a  minimum  about  xi^  on  the 
8th.  In  general,  Vesta  is  brighter  on  the  17th  than  on  the 
6th,  while  as  she  was  leaving  opposition  she  should  have 
•een  slightly  fainter  if  her  light  is  not  variable. 

The  series  of  observations  on  the  16th  and  17th  were  taken 
rith  the  hopes  of  finding  some  periodicity  which  might  lead 
0  some  determination  of  Vesta's  rotation  on  her  axis,  but 
nthout  entire  success. 

A  few  remarks  as  to  Vesta's  albedo  may  not  be  out  of  place, 
leveral  attempts  have  been  made  to  measure  her  diameter,  and 
hough  the  measures  are  inharmonious,  they  agree  among 
bemselves  better  than  do  the  different  measures  of  other  aste- 
oids — as  Ceres  and  Pallas.  The  mean  of  the  measures  of 
Ichroter,  Madler,  Secchi,  Tacchini  and  Millosevich,  reduced  to 
testa's  mean  distance  from  the  Sun,  as  given  by  Houzeau 
Vade-mecum,  p.  637),  I  find  to  be  0*''49.  Employing  this, 
ising  Zollner's  formula  for  computing  albedo  (Phot.  Unter* 
uchungen,  page  159),  and  giving  Vesta  a  purely  geometrical 
>hase,  I  find  her  albedo  to  be  about  0*1  or  much  like  that  of 
he  Moon  and  Mercury.  This  suggests  that  she  has  somethine 
t  the  physical  condition  of  the  Moon,  which  is  also  suggested 
►y  her  size.    We  may  note,  however,  that  if  her  angular  diame- 
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tor  Bt  mMD  distuos  Axna  the  San  is  0'"49, 1ier  diameter  in 
milas  moBt  be  sot  inooOBidenUei  In  &o^  a  simple  calculntion 
BhowB  that  with  tbis  angalar  ditmeter  we  diameter  is  alioat 
630  milea,  noBking  her  more  Urn  fear  times  as  large  as  Arge- 
lander  ana  othov  made  her  bj  usamitig  her  to  have  tbcsiime 
albedo  aa  Satom.  Indeed,  we  may  doabtif  this  assumption  ti 
joBtified  on  general  principlea  TfaealbedborSaturn  ispeciilitr 
and  JB  approaofaed  only  1^  that  of  Neptane.  The  asteroids  are 
maoh  more  likely  to  be  like  thdr  neahnt  neighbors,  Jupiter  or 
liars.  Oonadering  their  email  eise,  however,  und  rememberiog 
bow  important  a  pert  the  nse  playa  in  Hbo  process  of  cooling, 
oaoBJng  preeenoe  or  abeenoe  of  oloods,  water,  etc,  we  may  con- 
ifer it  inore  probable  that  tbeae  bodieB  resemble  those'otlier 
imall  bodiee,  the  Moon  and  Herooiy. 

Aa  a  roaalt  of  my  obBerratirnia  and  of  the  other  consideratioiu 
jQBt  mentioned,  we  may,  I  think,  oonolade  tlmi  the  present  sUita  < 
of  knowled^  renders  the  (ollowinff  oonolotions  probable : 

1.  Teata  is  a  body  apwardB  c^SOO  miles  in  diameter.  ' 

-  S.  She  iB  like  the  moon  io  her  albedo  siid  therefore  probabi/ 
like  her  in  lacking  an  appreoiable  atmorohere  and  water. 

8.  To  aooonnt  for  the  irregnlaHtiea  oi  ber  light,  we  may  pre- 
same  that  she  has  a  veiy  roagfa  anrfhee  and  rotates  on  her  axis. 
The  time  of  rotation  can  not l>e  gaeesed  M,  but  the  rapidity  of 
the  obanges  in  her  light  Indioatee  that  it  n  short. 

4.  What  is  true  of  Vesta  ia  likely  to  be  true,  ymtalif  muiaii- 
dia,  of  the  other  asteroids. 

Subsequent  observation  may  modify  these  conclusions  mate- 
rially, or  may  prove  that  the  asteroids  are  even  more  dissimilar 
in  their  physical  characters  than  they  are  in  the  elements  of 
their  orbits.  Until  we  are  better  informed,  liowever,  the  aboTe 
may  be  of  interest  as  the  only  indications  we  have  of  the  physi- 
cal condition  of  this  large  family  of  planetary  )>odies. 

Ann  Arbor,  Michigan,  Oct.  10,  1883. 
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RT.  LII. —  Oil  a  New  Fm-m  of  Selenium  Cell,  and  some  Elec- 
trical Discoveries  made  by  its  use ;  by  Charles  E.  Fritts,  of 
New  York  City. 

In  the  following  pages  I  give,  in  a  condensed  form,  the 
lief  results  brought  out  in  a  paper  presented  by  rae  to  the 
merican  Association  for  the  Advancement  of  Science,  at  the 
eeting  at  Minneapolis  in  August  last. 

The  new  form  of  selenium  cell  which  I  have  devised  has 
e  following  features : 

1st  Its  resistance  can  readily  be  made  as  low  as  desired. 
>me  cells  have  been  made  having  a  resistance  as  low  as  nine 
ims.  But  I  have  generally  used  those  measuring  between 
)0  and  5,000  ohms. 

2d.  The  light  is  caused  to  strike  the  cell  in  the  same  plane 
•  general  direction  as  the  current. 

3d.  They  are  made  in  any  form  to  be  easily  handled  and 
3ed,  and  are  practical  working  apparatus,  both  for  scientific 
tsearches  and  technical  uses.  Tl)e  cost,  when  completed,  is 
'dinarily  about  $100  each. 

4th.  They  are  far  more  sensitive  to  light  than  any   before 
lown.     One  cell  was  cited  which  had   fifteen  times  as  high 
sistance  in  dark  as  in  ordinary  diffused  daylight  in  a  room. 
5th.  They  exhibit  other  properties  in  an  equally  high  degree, 

specified  in  the  paper. 

The  process  of  purifying  the  selenium  was  first  explained, 
suiting  in  the  separation  of  the  product  into  a  number  of 
>rtions,  having  very  perceptible  differences  of  behavior,  both 

melting  and  annealing.  One  portion  would  become  soft 
bile  held  in  the  hand,  and  could  not  be  made  to  anneal  prop- 
ly  at  any  temperature,  while  another  portion  would  anneal 
id  become  hara  at  a  low  heat  and  coula  not  be  melted  with- 
it  previously  going  through  the  annealing  process.  Yet  both 
e  supposed  to  be  absolutely  chemically  pure  selenium.  The 
nclusion  is  that  commercial  selenium  is  a  mixture,  consist- 
g  of  several  distinct  portions,  which  must  either  be  different 
lotropic  forms  of  the  element,  or  new  elements,  similar  in 
)pearance,  chemical  reactions  and  physical  properties,  yet  dis- 
cictly  different  in  many  respects. 

I  have  found  the  "vitreous"  form,  or  quickly  cooled  selen- 
m,  to  have  many  different  colors  even  from  the  same  small 
ece  of  the  chemically  pure  substance, — varying  from  very 
irk  brown,  almost  black,  through  shades  of  brown,  blue, 
irple,  and  violet,  to  a  beautiful  rose-red  hue.  These  are  dis- 
ict  from  the  magnificent  ruby-red  color  which  vitreous  selen- 
m  shows  when  a  very  thin  sheet  of  it  is  viewed  by  transmit- 
d  light     The  granular  or  crystalline  form  also  varies, — being 
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sometimes  of  a  very  light  lead  color,  at  others  a  very  dark 
gray,  a  violet,  a  purple,  a  dull  gold  color,  and  occasionally  a 
blue.     These  colors  are  caused  by  heat. 

I  have  tried  many  different  metals  and  substances  as  bases 
for  selenium  cells,  including  iron,  brass,  copper,  zinc,  tin,  lead, 
platinum,  silver,  gold,  nickel,  german  silver,  aluminum,  bis- 
muth, carbon,  wood,  mica  and  glass.  My  preference  is  for 
brass,  zinc,  or  iron  or  copper  thinly  coated  with  tin. 

Descriptions  were  given  of  cells  of  the  forms  previously 
known,  especially  of  the  "strip"  cell,  made  for  comparative 
tests  with  my  own  form.  The  sensitiveness  to  light  of  cells 
heretofore  made  has  usually  been  quite  low — one  whose  resist- 
ance would  fall  to  one-half,  or  50  per  cent  change,  by  exposure 
to  sunlight,  was  uncommonly  good.  Probably  the  average  of 
results  would  not  exceed  10  per  cent  of  change  from  dark  to 
light.  The  most  sensitive  selenium  cell  on  record  up  to  this 
lime  was  that  of  Dr.  Werner  Siemens,  which  was  stated  to, 
have  a  resistance  in  dark  14*8  times  as  great  as  in  sunlight 
His  measurements  of  this  cell  are  given  in  table  A,  annexed 
hereto.  Table  B  gives  several  measurements  of  a  cell  of  my 
form,  and  the  paper  also  gave  the  measurements  of  a  number 
of  other  cells  of  my  construction  to  show  their  extreme  sensi- 
tiveness to  light.*     A  lot  of  my  cells,  five  in  number,  presented 

*  I  have  just  been  measuring  a  new  series  of  selenium  ceUs  of  my  fono  and 
find  several  of  them  far  more  sensitive  to  light  than  any  of  those  mentioned  in 
my  paper  before  the  American  Association  for  the  Advancement  of  Scienfe. 
Their  sensitiveness  is  so  extraordinary  that  I  hasten  to  put  them  on  record. 
Brass  cell  No.  24.  measured  Sept.  4th,  showed  twenty-five  times  the  conductivity 
in  sunlight  that  it  had  in  the  dark,  and  brass  cell  No.  23,  showed  about  thirty 
times  as  much, — the  exact  ratio  being  29'63  to  1. 

I  have  measured  the  same  cells  again  to-day,  together  with  several  others,  vrith 
the  results  given  in  the  following  table.  All  the  cells  were  measured  *'gold 
anode,"  i  e.,  with  the  current  entering  the  cell  at  the  gold  electrode,  and  with  23 
elements  of  Leclanch^  battery,  except  Nos.  22,  23  and  8.  The  time  was  between 
2  and  4  p.  M.,  sky  partly  cloudy,  sunlight  good  but  not  first-rate. 

Tests  of  Selenium  Cells  in  Light  and  Dark. 


Selenium  cell. 

Battery. 

No.  24. 

23  cells. 

24. 

23 

23. 

10 

23. 

10 

25. 

23 

22. 

23 

22. 

10 

6. 

23 

5. 

23 

10. 

23 

17. 

23 

8. 

10 

In  dark. 

32,500  oh 

ms. 

48,500 

1,600 

1,510 

15,000 

1,530 

2,030 

5,040 

2,400 

60,000 

1,790 

30,000 

Sunlight. 

Ratio. 

1,300  ohms. 

25-       to  1 

1,100 

4409  to  1 

54 

29-63  to  I 

50 

30-2     to  1 

750 

20-       to  1 

80 

1912  to  I 

130 

15  6     to  I 

170 

29-65  to  1 

>       150 

16-       to  1 

3,600 

16-6     to  1 

250 

7-1     to  1 

1,000 

30-       to  1 

Date 

• 

Sept. 

4, 

1883. 

5, 

it 

4, 

u 

5, 

<• 

u 

ti 

ll 

1. 

l> 

M 

li 

ii 

1  have  a  number  of  others  not  yet  tried,  which  may  give  even  greater  results- 
But  is  it  not  astonishing  that  the  electrical  resistance  of  a  substance  should  be 
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for  inspection  and  trial  by  the  members  of  the  association,  was 
then  described. 

As  the  result  of  some  thousands  of  tests  and  measurements 
made  by  me,  I  have  reached  the  following  new  conclusions : 

1st.  The  electrical  resistance  of  a  cell  changes  enormously 
with  difiereni  battery  powers.  There  does  not  appear  to  be  any 
invariable  law  governing  this  change,  but  each  cell  seems  to 
have  its  individual  character  in  this  respect.  In  most  cases  the 
resistance  becomes  lower  as  the  electromotive  force  of  the  cur- 
rent increases.  One  cell  cited  measured,  with  one  Leclanch6 
element,  14,000  ohms;  with  5  elements,  9,900  ohms;  with  10 
elements,  7,600  ohms ;  with  23  elements,  4,600  ohms.  Another 
measured,  with  23  elements,  3,600  ohms;  with  10  elements, 
8,000  ohms;  with  5  elements,  10,000  ohms.  In  other  cases, 
hut  less  frequently,  the  resistance  increases  as  the  battery  power 
increases.  These  changes  may  be  produced  in  either  direction, 
and  as  often  as  desired.^ 

•  2d.  I  have  discovered  that  simply  reversing  the  direction  of 
the  current  through  a  cell  can  make  its  resistance,  in  some 
cases,  as  much  as  ten  or  fifteen  times  as  high  as  before,  even 
though  that  increase  should  amount  to  millions  of  ohms.  In 
some  instances  the  change  may  be  even  greater,  in  others  not 
so  much,  but  it  is  seldom  less  than  twice  as  much,  or  as  two  to 
one.  When  the  originaPdirection  of  the  current  is  restored, 
the  resistance  also  returns,  and  these  effects  can  be  repeated 
any  number  of  times.  The  cell  is  sensitive  to  light  in  both 
cases,  but  is  generally  more  sensitive  when  the  current  enters 
the  selenium  at  the  same  surface  which  the  light  is  acting  upon. 
Instances  of  such  changes  were  given,  and  several  hypothe- 
ses were  considered,  but  none  were  thought  to  satisfactorily 
account  for  this  phenomenon.! 

forty- four  times  as  much  iu  the  dark  as  io  the  sunlight  ?  I  also  wish  to  record 
the  fact  that  I  have  constnicted  a  selenium  cell  whose  resistance  becomes  greater 
in  the  light  and  less  in  the  dark, — being,  so  fur  as  I  know,  the  first  instance  of 
that  kind  ever  obtained. — New  York,  Sept.  r>th,  1883. 

*  In  rare  instances,  the  increase  of  resistance  goes  on  up  to  a  certain  battery 
power,  and  any  further  increase  of  intensity  in  the  current  causes  a  fall  in  the  * 
resistance, — so  that  a  change  from  that  battery  power  in  either  direction  would 
produce  the  same  change  in  the  resistance  of  the  cell. 

f  The  foregoing  changes  are  not  always  in  the  same  direction.  That  is  to  say, 
if  the  ceU  has  a  certain  resistance,  with  the  positive  pole  of  the  battery  connected 
lo  a  certain  electrode  of  the  cell,  the  resistance  will  in  some  cases  1^  increased  by 
conDecting  the  negative  pole  of  the  battery  to  that  elect ro<1e,  and  in  other  cases  it 
will  be  lowered.  Instances  have  been  found  where  reversing  the  direction  of  the 
current  caused  no  change  in  the  resistance  of  the  ceil.  And,  what  is  still  more 
singular.  I  have  had  two  colls  which  reversed  their  action  while  being  exi>eri- 
monted  with, — so  that  the  electrode  which  offered  the  highest  resistance  to  the 
positive  current  at  first,  afterwards  offered  the  lower  resistance  to  it,  no  change 
having  been  made  in  the  connections  or  conditions.  Tlie  selenium  or  the  cell 
seemed  to  have  been  in  some  way  permanently  affected  by  the  action  of  the  cur- 
rent flowing  through  it     The  cause  of  this  change  has  not  1)een  ascertained 
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After  some  speculations  as  to  whether  the  foregoing  actions 
are  properties  of  selenium,  or  are  produced  by  the  arrangemeDt 
of  selenium  in  contact  with  substances  so  widely  separated 
from  it  in  the  electrical  scale,  I  observed  that  it  is  at  least  evi- 
dent that  the  peculiar  construction  of  my  cells  causes  these 
actions  to  be  manifested  many  times  more  powerfully  by  them 
thnn  by  cells  of  other  forms,  and  then  inquired  :  If  it  be  possi- 
ble, by  such  simple  means  as  are  employed  in  my  cells,  to 
obtain  these  results,  may  not  means  be  found  to  still  further 
facilitate  these  manifestations,  and  so  intensify  and  exaggerate 
the  results, — and  even  to  obtain  others  yet  unthought  of,  and 
possibly  still  more  surprising? 

8d.  Still  I  have  found  that  the  kind  of  battery  employed  has 
a  great  deal  to  do  with  the  performance  of  the  cell.  Take  iron 
cell  No.  1  as  exemplifying  this.  This  plate  is  one  of  the  best, 
having  given  a  change  of  b3  per  cent,  has  been  used  in  almost 
every  conceivable  way,  and  always  proved  good.  Yet  on  re- 
moving the  Leclanch^  battery  which  was  usually  employed,  and 
substituting  the  small  bichromate  plunge  battery,  this  plate  be- 
came apparently  sulky,  and  finally  refused  to  respond  at  all  to 
the  action  of  light.  Changing  from  24  cells  to  48  cells  of  bat- 
tery has  but  little  effect,  whether  the  gold  is  the  anode  or 
cathode.     It  is  still  absolutely  insensitive  to  light. 

But  on  changing  the  battery  to  96  cells  its  resistance  jumps 
fron)  265  ohms  to  11,500  in  dark  and  5,000  ohms  in  light,  re- 
suming its  old  sensitiveness,  but  apparently  under  compulsion. 
On  changing  to  gold  cathode,  ii  sinks  from  9,000  to  1,750  ohms 
in  (lark,  then  gradually  falls  to  275  in  the  dark,  and  the  same 
in  the  light.  Reversal  to  gold  anode  produces  no  ch:mge;  it 
Htill  remains  at  275,  sinks  to  250  dark,  and  245  light,  and.  had 
another  measurement  been  taken,  would  doubtless  have  proved 
iriHcnsiiive  again.  On  removing  the  obnoxious  baitery  for  one 
minute,  its  resistance  springs  up  to  12,000  ohms  in  the  dark 
(still  gold  anode),  and  5,000  in  light;  but  gradually  falls  off 
again  till  it  shows  only  22  per  cent  change  from  dark  to  light 
i)\\  substituting  its  old  companion,  the  Leclanch^  battery,  it 
immediately  becomes  tractable,  and  ends  up  with  its  original 
sensitiveness. 

Brass  cell  No.  6,  which  has  given  85  and  88  per  cent  with 
liC(;lanch(5  battery,  appeared  to  be  almost  worthless  with  the 
bichromate  cells,  showing  but  little  sensitiveness  to  light,— in 
one  measurement,  none  at  all;  and  in  another,  its  resistance 
was  actually  less  in  dark  than  in  light, — the  figures  being  540 
arjd  750  ohms,  respectively.  But  on  putting  it  with  the  Le- 
(!laiicli(j,  its  action  changed,  it  l^ecame  fairly  sensitive  to  light, 
utid  behaved  more  like  its  old  self. 

Bra-s  cell   No.   12  also  failed  with  the  bichromate  battery 
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and  became  entirely  insensitive  to  ligbt,  showing  no  change 
v^hatever  between  light  and  dark. 

Brass  cell  No.  5,  when  connected  with  the  bichromate  bat- 
tery, refused  from  the  first  to  show  any  sensitiveness  at  all. 
Lis  resistance  varied  continually,  from  high  to  low,  and  up 
again, — most  of  the  time  changing^  too  rapidly  to  admit  of  get- 
ting any  measurement.  Changing  the  battery  power  from  12 
cells  to  24,  48,  and  96  cells  made  no  difference, — it  still  refused 
to  respond  to  light,  although  reversing  the  current  varied  the 
resistance  considerably.  When  one  cell  of  the  Leclanch6 
battery  was  substituted,  it  started  at  10,100  ohms  in  dark, 
and  5,700  ohms  in  light, — nearly  44  per  cent  decrease  in 
light 

Doubtless  other  cells  would  have  shown  the  same  action,  had 
there  been  time  to  test  them,  but  these  are  suflScient  to  excite 
one's  surprise.  As  before  stated,  the  bichromate  batteries  had 
about  the  same  surface  in  the  liquid  as  the  Leclanch^.  But 
even  supposing  that  the  current  of  the  former  had  much  greater 
quantity,  intensity,  or  both,  we  might  expect  a  change  of  resist- 
ance, but  how  could  it  affect  the  sensitiveness  of  selenium  to  light  f 
If  one  kind  of  battery  current  destroys  its  sensitiveness,  may 
we  not  suppose  that  another  kind  of  battery  might  increase  its 
sensitiveness?  Although  the  Leclanch^  has  operated  well, 
some  other  may  operate  still  better,  and  by  its  special  fitness 
for  use  on  selenium  cells  may  intensify  their  actions,  and  so 
bring  to  light  other  properties  yet  unthought  of.  If  so,  where 
is  the  limit  to  this  method  of  exalting  the  properties  of 
selenium  ? 

Is  not  here  a  promising  field  for  experiment,  in  testing  the 
various  forms  of  battery  already  known,  or  even  devising  some 
new  form  especially  adapted  to  the  needs  and  peculiarities  of 
selenium  cells? 

4th.  The  eff'ect  of  intermittent  currents,  and  of  rapidly  alter- 
nating currents,  is  usually  very  slight  and  may  be  disregarded 
in  practical  work.  But  occasionally  they  produce  very  sur- 
prising changca  Sometimes  they  reduce  the  resistance  of 
the  selenium  cell  from  many  thousands  of  ohms  to  almost 
nothing,  and  at  others  they  raise  it  from  next  to  nothing  up 
among  the  thousands.  I  have  not  been  able  to  ascertain  any 
connection  between  conditions  and  results,  but  the  effects  are 
certainly  remarkable.  They  are  not  due  to  my  mode  of  arrang- 
ing the  parts  of  the  cells,  for  the  same  thing  occurs  with  other 
forms,  as  for  example : 

Experiment  1.  The  large  "  strip"  cell  measured,  in  the  dark, 
1,600  ohms.  **  Tried  intermittent  current.  Needle  erratic, — 
finally  settles  at  2,600  ohms."  This  experiment  was  with  22 
cells  of  Leclaachd     On    trying  the  same  experiment  on   an- 


\ 
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(rthor  day,  no  eflbotWM  prodoeed,  although  the  conditioas  vert 
the  Bam«,  ab  far  aa  I  oootd  detect. 

Sxperiment^.  Doable  cell  Ko.  1,  measured  50,000  obma 
Pat  on  an  aatomatio  reveniog  apparntu;!  (arranged  to  both 
break  oiroait  and  reverse  the  onrreat  nbout  800  times  per 
minute),  with  22  cells  of  Iteolanobfi,  for  three  miniitea.  The 
oell  then  measared,  tinder  the  aame  ootiditions  as  before,  onl; 
80,000  ohms.  A  repetitioa  of  this  treutment  produced  no 
farther  effeoL  The  change,  prodaoed  &s  described,  was  permt- 
bent 

The  action  of  both  intermittent  and  alternniinK  curr«na 
npmi  selmiam  are  worthy  erf  carefol  study,  for  under  oerUin 
"  conditions  they  are  capable  of  effecting  great  changes  in  in 
reetetanoe,  which  might  be  nttlized  for  practical  purposes  if 
those  ooodi^oa  were  anderstood. 

5th.  Yery  moderate  changea  of  temperature  (say  10°  to  &0° 
'  Fahr.),  can  aometimes  obanse  the  reeiatftnco  of  a  Ecleniam  cell 
bondreda  or  even  thoaaaoda  of  ohma  \u  a  few  seconds,  and  I 
think  that  this  pfaenomeDon  has  not  beeti  observed  by  otiiers. 

JtepenmMf  1.  Brass  oell  Na  6  measured,  wiili  gold  ano^e, 
28  oella  Leolanch&'in  dark,  8,600  ohruR.  It  woa  laid  with  in 
bade  apoD  an  iron 'block  wanned  to  about  100°  Fabr.,  wben  iu 
reiistanoe  fell  almost  instantly  to  2,900  ohnos,  being  a  fall  ^ 
000  ohms.  J 

Experiment^.  The  same  cell,  in  the  snnne  conditions  at  in- 
other  time,  measured  8,600  ohma  On  putting  tbe  bot  block 
under  it,  it  fell  to  2,400  ohms;  in  SO  seconds  more  it  fell  to 
2,000  ohms;  in  another  SO  seconds,  to  1,850  ohms;  in  two 
minutes  more  to  1,600  ohms.  By  this  time  the  block  was  bul 
slightly  warm. 

Experiment  S,  A  cold  block  (i.  e.,  not  heated),  was  then  jint 
under  the  cell,  when  it  rose  at  once  to  1,920  ohms ;  iu  30  sec- 
onds more,  to  2,000  ohms;  and  continued  to  rise  mpidl;to 
S,010  ohms.  On  repeating  experiments  2  and  3,  similar  resulu 
were  again  obtained. 

It  will  be  observed  that  these  effects  were  obtained  bv  very 
email  changes  of  temperature,  and  the  phenomenon  is  tlislinci 
from  tbe  ordinary  changes  in  electrical  conductivity  observed 
at  different  temperatures  of  the  conductors,  as  well  as  from 
those  produced  oy  very  high  temperatures.  The  fact  ihal  an 
increase  of  temperature,  so  slight  that  the  heated  block  barely 
feels  warm  to  the  hand,  can  change  the  resistance  of  a  selenium 
cell  many  hundreds  and  even  thousands  of  ohms,  almost  in- 
stantly, and  that  the  withdrawal  of  so  little  heal  can  produce  i 
change  in  the  opposite  direction,  almost  as  great  and  as  rapidly, 
is  one  of  some  importance,  and  has  not  been  published  befoi^ 
so  far  as  I  am  aware. 
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is  action  is  more  prominent  in  brass  cell  No.  6,  than  in 
of  the  others.     The  same  experiment  tried  with  iron  cell 

X  1  produced  no  perceptible  change  in  the  resistance. 

Experiment  4:.  Double  cell  No.  1,  measuring  33,000  ohms, 
was  laid  on  warm  blocks,  and  fell  instantly  3,000  ohms,  then 
sank  rapidly  to  22,000  ohms.  The  same  experiment,  with 
double  cell  No.  2,  the  mate  to  No.  1,  produced  hardly  any 
effect  When  the  "strip"  cell  was  tried  in  the  same  way,  it 
fell  slowly,  from  1,023  ohms  to  9b5  ohms,  in  about  five  min- 
utes. This  action  therefore*  appears  to  be  exhibited  much 
more  strikingly  by  cells  of  my  form  than  by  those  heretofore 
made.  But  why  it  occurs  with  some  cells  and  not  with  others, 
has  not  been  ascertained.  The  sensitiveness  to  light  is  greater 
when  the  cell  is  cold. 

New  form  of  Selenium,  —  Since  the  foregoing  paragraphs 
were  written,  I  have  been  trying  some  experiments  long  con- 
templated, and  have  succeeded  in  producing  cohrless^  trans- 
parent  selenium. 

It  is  well  known  that  vitreous  selenium  when  very  thin  be- 
comes translucent  and  has  a  beautiful  ruby  red  color.  The 
new  form  of  selenium  just  discovered  by  me  has  no  color,  but 
looks  like  a  thin  coating  of  glass,  through  which  the  yellow 
brass  base  is  clearly  seen, — even  the  fine  scratches  and  marks 
left  in  the  brass  from  the  polishing  being  as  distinct  as  if  the 
metal  were  bare.  The  mode  of  obtaining  it  is  such  as  to 
exclude  everything  but  selenium.  The  conditions  of  its  pro- 
duction are  these:  The  exposure  of  the  selenium  to  a  pro- 
longed heating,  followed  by  gradual  cooling,  under  pressure. 
The  plates  so  made  have  portions  which  are  transparent, 
situated  apparently  where  the  temperature  was  highest.  The 
remaining  portions  of  the  plates  are  black  and  red,  interspersed 
with  gray.  Thus  upon  one  plate  may  be  seen  selenium  in 
four  different  states  or  colors.  As  yet,  I  have  been  able  to 
make  only  a  partial  examination  of  one  of  these  plates.  A 
small  portion  of  the  transparent  selenium  having,  perhaps, 
one-half  square  inch  of  surface,  had  a  resistance  of  only 
three  ohms.  It  was  found  to  be  affected  hy  light  very  little, 
if  at  all. 

As  circumstances  compel  me,  much  against  my  will,  to 
devote  most  of  my  time  to  a  widely  different  branch  of  science, 
I  do  not  wish  to  stand  in  the  wav  of  those  who  would  work 
oat  these  subjects  more  rapidly,  and  therefore  offer  my  results 
for  their  consideration,  and  leave  further  researches  to  be 
carried  out  by  any  desiring  to  do  so  who  may  have  more 
time  and  better  facilities  than  myself  For  theoretical  inves- 
tigations. 
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TABLE  A. 
Selenium  Cell,  tested  bt  Db.  Webneb  Sismeks. 


Selenium  in 


1.  Dark 

2.  DifFosed  dajlight. 

3.  Lamplight 

4.  Sunlight 


Relative  Ck>nductivitie8. 


Deflection. 


Ratio. 


32- 
110- 
180- 
470- 


1- 
3-4 
5-6 
14-8 


Resistanoe  in  Ohms. 


10,070,000 

2,930.000 

1,790,000 

680,000 


TABLE  B. 

Selekktm  Cell,  tested  bt  the  author. 
Resistance  in  Ohms. 


Brass  Cell  No.  16.   ^®^j 

Dark  -~ .  7.7.7.  .7T    2 10  ~ 
Diffused  daylight..      49* 
Per  cent  of  change. '    "76*6 


Test 
No.  2. 


210- 
14- 
93-3 


Test 
No.  3. 


170- 
63- 
68-8 


Tost 
No.  4. 


110- 
13- 

88-1 


Test 
No.  6. 


210- 
110- 
47-6 


Test 
No.  6^ 

219- 
90- 
58-9 


Test 
NaT^ 

395- 
72- 
81-7 


Xoie, — A  paper  on  "The  Action  of  Light  on  Selenium," by 
Professor  W.  G.  Adams,  F.R.S.,  and  Mr.  R  E.  Day,  in  Proc 
Roy.  Soc.,  vol.  XXV,  p.  113,  contains  the  following  statements: 

1st.  That  on  reversing  the  direction  of  the  current  through 
selenium  the  '*  resistance  was  always  found  to  be  different  from 
that  previously  obtained."  As  I  have  shown,  the  resistance  is 
not  always  different 

2d.  *'The  first  current  through  the  selenium,  if  a  strong  one, 
causes  a  j>ermanent  *set*  of  the  molecules,  in  consequence  of 
which  the  passage  of  the  current  during  the  remainder  of  the 
experiments  is  more  resisted  in  that  direction  than  it  is  when 
passing  in  the  opposite  direction."  As  already  stated,  this 
**set'*  is  sometimes  in  the  direction  above  laid  down,  some- 
times in  the  opposite  direction,  sometimes  there  is  no  "set" 
at  all,  and  in  two  cases  the  **set"  changed  and  was  reversed 
during  ihe  measurements  of  the  cells. 

8d.  '*That  with  the  same  piece  of  selenium  at  the  same  tem- 
perature, the  resistance  diminished  as  the  battery  power  in- 
crea>»ed."  This  I  liave  found  by  experiments  with  more  than 
one  hundred  cells  to  be  correct  in  some  cases,  while  the  oppo- 
site occurs  in  other  cases,  and  in  still  other  instances  the  in- 
crease or  decrease  of  resistance  stops  at  a  certain  battery  power, 
and  is  then  reversed. 

It  will  be  seen  that  their  experiments  and  results  were  en- 
\\xv\y  ilifferent  from  mine,  except  on  the  three  foregoing  points. 
Am  to  them,  so  far  as  the  above  quotations  agree  with  my  re- 
units,  lliose  investigators  are  entitled  to  the  credit  of  first 
discovery. 

NoNx   Yok  City,  Aug.  28,  1883. 
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Art.   LTIL— 77ic  Ischtan  Earthquake  of  July  28,   1883 ;   by 
C.  G.  RocKWOOD,  Jr.,  Princeton,  N.  J. 

The  island  of  Ischia  is  situated  at  the  western  extremity  of 
the  bay  of  Naples,  about  twenty  miles  in  a  direct  line  from 
Vesuvius.  It  forms  a  part  of  the  Vesuvian  volcanic  district, 
being  an  extension  of  tne  Phlegrean  Fields  with  which  it  cor- 
responds in  geological  character,  as  does  also  the  smaller  island 
of  Procida  lying  between  Ischia  and  the  mainland.  Ischia 
contains  about  twenty-six  square  miles,  being  eight  kilometers 
or  about  five  miles  long  east  and  west,  by  4*8  kilometers  or 
about  three  miles  broad.  In  the  center  of  the  island  rises 
Mount  Epomeo,  792  meters  (2,782  feet)  high,  an  old  volcano 
which  during  historic  times  has  given  no  lava  from  its  crater, 
and  for  over  five  hundred  years  has  been  nearly  silent  The 
last  emission  of  lava  from  its  flanks  occurred  in  1802,  since 
which  time  the  volcanic  activity  has  been  shown  only  by  hot 
springs  and  steam  jets,  and  not  infrequent  earthquakes,  the  last 
notable  one  having  occurred  March  4,  1881. 

Ischia  is  noted  for  its  thermal  springs,  which  with  the  pleas- 
ant climate  make  it  a  favorite  summer  resort,  and  during  the 
season  the  town  of  Casamicciola  is  usually  crowded  with 
strangers.  Other  towns  are  Ischia  on  the  east  coast,  Forio  on 
the  west  and  Lacco  Ameno  on  the  north. 

Before  the  earthquake,  which  wrought  so  much  damage  in 
this  beautiful  island  on  July  28,  1883,  there  had  been  some  in- 
dications of  unusual  subterranean  activity  ;  some  of  the  hot 
springs  had  shown  abnormal  variations  of  temperature,  but  it 
is  doubtful  whether  to  an  extent  greater  than  at  other  times 
when  no  earthquake  followed  ; — there  had  been  a  number  of 
slight  earthquake  shocks  in  differei^t  parts  of  the  island, — and 
the  instruments  in  the  seismological  observatories  at  Naples 
and  Rome  were  in  increased  motion.  It  is  said  also  that  un- 
mistakable indications  of  an  approaching  earthquake  were 
observed  in  Casamicciola,  but  were  concealed  from  the  public 
so  far  as  possible,  for  fear  of  alarming  the  summer  visitors  and 
so  diminishing  the  gains  <3f  the  hotel  keepers.  These  indica- 
tions, beginning  from  a  fortnight  before  the  great  earthquake 
shock,  gradually  increased  in  intensity  and  frequency,  and 
Professor  di  Rossi  of  Rome  said  afterward  that  if  there  had 
been  in  Ischia  any  system  of  observation,  by  which  at  the 
time  he  could  have  been  informed  of  all  these  phenomena,  "he 
would  not  have  hesitated  an  instant  in  pointing  out  the  immi- 
nent danger  of  an  impending  seismic  disturbance"  menacing 
Casamicciola.     But  in  the  absen/^e  of  observations  in  Ischia, 
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the  indications  oF  the  instraments  on  the  mainUuaid  were  inter- 
preted as  being  fnlfiUed  by  Ae  earthquake  ol  Jolv  86th  h 
Oalabria.  On  J  nty  27|  however,  the  anosoal  noiaee  beftwe  ao- 
tioed  at  the  Sol&tara  of  Albano  had  inereasecl  toiui  idantiBg 
extent,  and  numeroas  slight  shocks  were  felt  at  YeBaTiiis  and 
vidnity,  indicating  that  the  seuunic  distnrbaoee  was  ool  yet 
OTer.  The  violet^t  shock  came  about  9.25  P*  x.  on  SatoruT, 
Jnk  28,  and  the  greatest  damage  was  done  at  Ctaaamiooiw 
andTicinity.  This  town,  built  on  two  small  hills  on  the  aortfi 
slope  of  Efpomeo,  was  entirely  destroyed,  only  one  or  I'M 
faonses  being  left  standing.  A  performance  was  in  BfOg»uss  at 
the  theatre,  and  when  thebnilding collapeed  ai  the msmk  wumj 

Sere  buried  in  its  ruins.  Laooo  Ameno^  on  die  ooaal  about 
tree  miles  northwest  from  Caaamicoiolay  was  afao  aoetly  de- 
atroyed  and  Forio  was  greatly  damaged.  The  town  ol  Iswia, 
on  the  east  coa^t^  was  severeljr  shaken,  but  without  aufhring 
▼ery  much  damage.  But  the  villans  of  Fontana  and  SeminL 
mtuated  in  the  interior  of  the  island,  and  indeed  withio  the  M 
crater,  were  great  suflforers,  as  was  also  Barano  moie  to  fStm 
south.  Two  large  land-slips  were  caused  on  the  north  slope  of 
Bpomeo,  but  no  true  fissures  were  found  any wbeve^  and  no 
apparent  changes  of  IctcL 

The  flrst  accounts  of  the  killed  and  wounded  were  Itrpif 
ezamerated,  the  number  of  killed  being  stated  as  4000,  MOO, 
SOOOand  even  18,000.  The  numbers  given  by  the  official  com- 
mission (Sept.  26)  were  1990  killed  and  874  wounded.  Manj 
perished  beneath  the  ruins  of  fallen  walls,  and  some  were  res- 
cued from  such  a  death  after  having  been  thus  entombed  for 
longer  or  shorter  periods ;  in  one  case  several  persons  were  taken 
out  of  the  ruins  alive  nearly  a  week  after  the  catastrophe. 

The  shocks  were  at  first  vertical,  then  undulatory,  and 
lasted  about  fifteen  seconds.  The  direction  of  the  vibration  is 
variously  stated  by  diflFerent  observers. 

In  endeavoring  to  trace  this  earthquake  to  its  cause,  we  mast 
not  overlook  the  connection  of  this  locality  with  the  Vesuvian 
volcanic  district  It  will  be  desirable  also  to  state  briefly  the 
location  of  the  hot  springs  and  stufas  or  steam  jets,  for  which 
the  island  is  noted.  As  we  follow  then  the  northern  coast 
from  east  to  west,  we  find  thermal  Springs  at  Pontano,  Fornello 
and  Fontana  near  Ischia,  stufas  and  thermal  springs  at  Castig- 
lione,  stufas  at  Cacciuto,  all  near  the  northern  coast,  then  the 
abundant  hot  springs  of  Gurgitello  near  Casamicciola,  fuma- 
roles  at  Monte  Cito  west  of  Casamicciola,  and  finally  the  springs 
of  Paolone  on  the  slopes  of  Monte  Nuovo  near  Forio.  All 
these  lie  on  a  line  slightly  convex  toward  the  north,  and  cross- 
ing the  island  from  east  to  west  along  the  northern  slopes  of 
Epomeo.     They  are  considered  by  L.  Baldacci  to  mark  an  old 
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line  of  cleavage,  from  whence  come  these  manifestations  of 
subterranean  activity.  He  also  traces  another  line  similarly 
marked  from  north  to  south  ;  from  the  hot  springs  of  San  Res- 
tituta  near  Lacco  Ameno  crossing  the  first  line  at  Monte  Cito, 
almost  under  Casamicciola,  cutting  through  the  old  crater  of 
Epomeo,  along  the  precipitous  valley  of  the  Scarrupato,  where 
are  found  the  inland  villages  of  S'ontana,  Serrara,  Meropane 
and  Barano,  and  meeting  the  southern  coast  at  the  place  where 
are  the  hot  springs  of  Fondolillo  and  the  stufas  of  Testaccio. 
The  east-west  line  above  indicated  might  find  its  prolongation 
in  the  volcanic  islet  of  Procida,  and  in  the  elevated  point  which 
projects  from  the  mainland  opposite  it  and  connects  it  geologi- 
cally with  the  Phlegrean  Fields.  Now  these  two  lines  coincide 
nearly  with  the  localities,  where  this  earthquake  shock  was 
felt,  and  at  their  intersection  stood  Casamicciola  which  was  so 
completely  destroyed. 

In  view  of  these  facts  L.  Baldacci  states  his  conclusions  thus: 
"That  the  residual  volcanic  activity  of  the  island  is  manifested 
along  two  principal  fissures,  one  a  curve  with  its  convexity  to 
the  north,  from  the  baths  of  Lschia  to  Forio,  the  other  directed 
approximately  north-northwest  and  south-southeast  between 
ikcco  Ameno  and  the  stufas  of  Testaccio;  and  that  the  place 
where  Casamicciola  stood  is  upon  the  intersection  of  these  two 
lines  and,  therefore,  at  the  very  focus  of  seismic  activity  and 
that  it  always  has  been  and  always  will  be  the  locality  most 
liable  to  be  devastated  by  earthquakes." 

But  other  facts  also  point  in  the  same  direction.  H.  J.  John- 
ston-Lavis  has  drawn  the  isoseismal  lines  about  the  focus  and 
finds  them  to  be  elongated  ellipses  having  their  major  axes 
east  and  west,  the  lines  lying  much  closer  together  in  their 
northern  portion  than  in  the  southern.  The  minor  axes  of 
these  isoseismal  ellipses  is  nearly  in  the  line  of  Baldacci's  north 
and  south  fissure.  Johnston-Lavis  states  his  conclusion  thus: 
"From  a  careful  examination  of  observed  azimuths  and  angles 
of  emergence,  all  point  to  a  plate-shaped  focus  whose  strike 
extends  in  a  line  from  Fon tana  just  west  of  Menella  to  near  the 
beach  at  Lacco.  The  plane  of  this  fissure  is  probably  roughly 
perpendicular  to  the  surface,  but  may  dip  slightly  toward  the 
east,  as  the  isoseismals  are  slightly  nearer  on  the  eastern  side  of 
the  seismic  vertical,  which,  as  a  necessity,  is  not  represented  by 
a  point,  but  by  a  line  on  the  surface.  The  rupturing  of  this 
plate-like  fissure  was  apparently  greatest  at  a  point  nearly  mid- 
way between  its  extremities." 

To  conclude,  then,  it  seems  to  be  pretty  clearly  made  out  as 
probable,  that  this  earthquake  shock  had  its  origin  and  cause 
in  a  rupture  taking  place  along  an  old  volcanic  fissure,  directed 
roughly  north  and  south,  and  extending  radially  in  or  under 
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the*noiihern  dope  of  Epomeo ;  and  that  the  oaiue  of  the  in* 
creased  tension  resaltin^  in  this  rapture  is  to  be  referred  to 
the  residoal  volcanic  activity  which  this  island  shares  with  ihe 
admcent  mainland  rather  than  to  anj  merelv  local  subsidence; 

Palmieri  has  advanced  the  opinion  that  tne  local  violence  of 
the  shocks  might  be  due  to  the  collapse  of  subterranean  cari* 
ties  not  verv  far  below  the  surface.  But  it  would  seem  likely 
that  any  subsidence  of  sufficient  magnitude  tp  cause  tiie  surfiioe 
destruction,  seen  at  Casamicciola,  and  to  give  rise  to  vibrations 
felt  by  instruments  so  fitr  away  as  Bome,  must  have  been 
attended  also  by  sur&ce  fissures  and  changes  of  level,  none  of 
which  were  observed. 

After  the  disastrous  earthquake  of  July  28,  slight  shocb 
continued  to  occur,  at  first  daily,  and  afterward  at  longer  inter 
vals,  even  as  late  as  September  2Sd. 

In  preparing  this  notice  free  use  has  been  made  of  the  oorre- 
jspondence  publbhed  in  various  journals  and  newspapers  both 
of  America  and  Europe,  bdt  the  writer  is  especially  indebted  to 
articles  contributed  by  Ch.  Y^liiin  to  La  Nature  (August  1& 
1888) ;  by  H.  J.  JohnstonLavis  to  Nature  (Sept.  6,  18bSX  anl 
by  L.  Baldacci  to  the  BolL  B.  Com.  Geol.  (translated  in 
Science,  Sept  21,  1883.) 


SCIENTIFIC    INTELLIGENCE. 

I.  Chemistry  and  Physics. 

1.  A  method  of  isolating  heat  radiation  from  the  luminavi 
and  actinic  radiations, — In  a  note  communicated  to  the  French 
Academy,  M.  F.  Van  Assche  describes  his  process,  which  oonsistB 
of  depositing  a  thin  film  of  distilled  and  melted  selenium  upon  a 
])late  of  glass  which  he  designates  by  the  term  porie-oiffeci.  The 
selenium  is  immediately  covered  with  a  thin  plate  of  glass  called 
the  couvre-object.  The  selenium  11  pressed  into  a  thra  plate  bv 
means  of  heat  and  by  pressure,  taking  care  not  to  boil  the  seleni- 
um, to  avoid  bubbles  and  strise.  The  light  transmitted  through 
this  thin  plate  of  selenium  is  mono-chromatic,  and  of  a  reddish 
tint.  Seen  through  the  spectroscope,  the  light  is  comprised  be- 
tween the  A  line  and  the  C  line.  The  double  line  B  and  the  nu- 
merous small  lines  a  are  readily  seen,  but  the  D  lines  can  not  be 
observed.  There  is,  so  to  speak,  a  transformation  of  the  luminous 
radiation  of  the  sodium  lines.  A  great  band  of  absorption  lies 
between  A  and  C.  It  appears  that  the  luminous,  heat,  and  actinic 
radiations  are  interrupted  by  the  selenium  when  the  source  of 
these  radiations  has  a  temperature  between  720**  and  2000**  and 
perhaps  transformed  into  electrical  energy.     The  radiations  due 


to  comparatively  low  temperatures,  525°  to  720**,  alone  can  pene- 
trate the  selenium.     A  thin  plate  of  selenium  heated  to  250  .can 
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convert  all  the  radiations  into  obscure  radiations.  One  can  utilize 
this  specific  property  of  selenium  in  analyzing  the  heat  rays ;  also 
in  a  photographic  chamber ;  in  the  use  of  the  opthalmoscope,  and 
generally  in  the  analysis  of  the  radiation  of  the  ^nn  and  the  stars. 
—  Comptes  RenduSy  No.  xvi,  16  October,  1883,  pp.  838-840. 

J.  T. 

2.  Telluric  Oxygen  lines, — M.  Egoroff  has  shown  that  the 
lines  A  and  B  of  the  solar  spectrum  are  due  to  .the  oxygen^in  the 
earth's  atmosphere.  He  employed  a  tube  twenty  meters  long 
closed  at  both  ends  by  glass  plates ;  filled  this  tube  with  dry  oxy- 
gen under  a  pressure  of  fifteen  atmospheres ;  observed  the  light 
Irom  an  oxy-hydrogen  fiame  and  found  that  the  lines  due'to  the 
absorption  of  the  oxygen  were  identical  with  A  and  B  in  the  solar 
spectrum.  The  theory  that  these  lines  are  due  to  a  cosmical  hy- 
drocarbon gas  difiiised  through  space  is  controverted  by  the  ex- 
periments of  M.  Egoroff,  who  found  that  several  kinds  of  hydro- 
carbon gas  gave  no  bands  or  lines  of  the  character  of  A  and  B. — 
Comptes  Hendtts,  27  August,  1883,  pp.  656-557.  J.  t. 

3.  A  new  Capillary  Electrometer, — M.  A.  Chevet  has  devised 
a  modification  of  Lippmann's  Electrometer  which  can  be  readily 
constructed  and  whicn  will  show  >a  difference  of  potential  from 
tbW  ^^  loioo  ^^  ^  volt.  Two  flasks  with  lateral  orifices  on  the 
same  horizontal  line  are  connected  through  these  orifices  by  the 
tube  of  a  thermometer  open  at  both  ends.  The  bulb  end  enters 
the  flask  A  which  is  filled  with  mercury.  The  capillary  end  en- 
ters the  flask  B.  This  latter  flask  is  filled  partly  with  mercury 
and  partly  with  water  acidulated  with  ^  part  of  sulphuric  acid. 
The  capillary  end  of  the  thermometer  enters  the  acidulated  water. 
A  platinum  wire,  P,  insulated  by  a  vitreous  covering  so  as  not  to 
be  in  contact  with  the  acidulated  water,  is  in  contact  with  the 
mercury  of  flask  B.  Another  platinum  wire,  N,  is  in  contact  with 
the  mercury  of  the  flask  A.  By  means  of  a  commutator  a  differ- 
ence of  potential  can  be  intercalated  between  the  ends  of  P  and 
N.  The  heights  of  the  mercury  and  water  in  the  flasks  A  and  B 
are  such  that  P  and  N  being  connected  by  a  metal  wire,  the  sur- 
faces of  separation  of  the  two  liquids  is  in  the  region  of  the  cap- 
illary portion  of  the  larger  end  of  the  thermometer  tube.  Let  a  be 
the  angle  of  the  cone  which  is  tangent  to  the  surface  of  the  tube  at 
the  point  where  the  meniscus  is  formed ;  «  is  a  very  small  ^ngle. 
Let  a  be  the  capillary  depression  and  r  the  radius  of  the  tube. 

M 
Then  a  =  —  where  M  is  dependent  upon  the  difference  of  poten- 
tial intercalated  between  P  and  N.  The  movement  of  the  menis- 
cus is  observed  with  an  eye  piece.  By  means  of  a  manometer  at- 
tachment differences  of  potential  can  be  compared  by  the  method 
of  Lippmann. —  Comptes  Eendua  pp.  669-672, 17  September,  1883. 

J.  T. 

4.  HaWs  PIxenomeyion. — M.  Aug.  Righi  modifies  the  form  of 
thin  plate  used  by  Dr.  Hall ;  instead  of  a  cruciform  pjate  it  has 
any  shape  whatsoever  and  carries  three  electrodes.     The  current 
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enters  or  departs  by  one  of  the  electrodes,  and  departs  or  enters 
by  the  two  others.  The  two  partial  currents  circulate  in  opposite 
directions  through  the  two  circuits  of*  each  of  the  bobbins  of  a 
Wiedemann  galvanometer.  A  suitable  resistance  having  been 
introduced  the  needle  of  the  galvanometer  can  be  maintained  at 
zero.  When  one  places  this  arrangement  of  partial  currents  be- 
tween the  poles  of  an  electro-magnet  the  direction  of  the  deviation 
of  the  needle  shows  that  the  equi-potential  lines  are  turned  in  the 
opposite  direction  from  the  magnetizing  current — for  gold  and 
metals  which  have  the  same  action  as  gold — and  in  the  same  direc- 
tion as  the  magnetizing  current  for  iron.  By  changing  the  direc- 
tion of  the  current  in  the  plate,  deviations  of  the  galvanometer 
needle  are  obtained  which  show  that  the  effect  cannot  be  explained 
by  the  direct  action  of  magnetism  upon  the  current.  M.  Ri^lii 
promises  to  explain  this  in  a  forthcoming  memoir.  The  action 
m  bismuth  is  very  strong,  being  nearly  5000  times  as  strong  as  in 
gold,  with  the  same  strength  of  current  and  the  same  dimensions. 
A  plate  of  bismuth  of  0*079"""  in  thickness  gives  indications  five 
or  six  times  greater  than  a  piece  of  gold  leaf  0-000087"*"  in  thick- 
ness. The  effect  can  be  obtained  in  bismuth  with  a  permanent 
magnet  instead  of  an  electro-magnet,  and  the  author  hopes  to  be 
able  to  show  Hall's  phenomenon  by  means  of  the  earth's  mag- 
netism. J.  T. 

6.  Note  on  the  Vortex  Atom  Theory ;  by  James  Croix.  The 
vortex-atom  theory,  viewed  from  the  physical  side,  is  regarded  by 
some  as  one  of  extreme  simplicity.  1  must  confess,  however,  that 
to  me  it  appears  to  be  far  otherwise.  In  fact,  I  am  unable  to 
understand  how  the  theory  is  to  be  reconciled  wnth  the  first  law 
of  motion.  According  to  that  law  no  body  possessing  inertia  can 
deviate  irom  the  straight  line  unless  forced  to  do  so.  A  planet 
will  not  move  round  the  sun  unless  it  be  constantly  acted  upon  by 
a  force  deflecting  it  from  the  straight  path.  A  grindst^jne  will 
not  rotate  on  its  axis  unless  its  particles  are  held  together  by  a 
force  preventing  them  from  Hying  off  in  a  tangent  to  the  curve  in 
which  they  are  moving.  Centrifugal  force  nmst  always  be  bal- 
anced by  centri})etal  force.  My  difficulty  is  to  undei*stand  what 
force  counterbalances  the  centrifugal  force  of  the  rotating  mate- 
rial of  the  vortex-atom.  It  has  been  said  that  the  centrifugal 
tendency  of  the  rotating  material  of  the  vortex-atom  is  controlled 
by  the  exterior  incompressible  liquid.  But  it  is  also  stated 
that  this  inconi|)ressible  liijuid  offei*s  no  resistance  whatever  to 
the  passage  of  the  atom  through  it.  In  short,  that  in  so  far  as 
the  motion  of  the  atom  is  concerned  this  liquid  is  a  j)erfect  void. 
Now,  if  this  liquid  can  offer  no  resistance  to  the  passage  of  the 
atom  as  a  whole,  how  then  does  it  manage  to  offer  such  enormous 
resistance  to  the  materials  conii)osing  the  atom  so  as  to  continu- 
ally deflect  them  from  the  straight  path  and  compel  them  to 
move  in  a  curve  ?  The  centrifugal  force  of  these  vortex-atoms 
must  be  enormous,  for  on  it  is  assumed  to  depend  the  hardness  or 
resistance  of  matter  to  pressure.     Now  the  centripetal  force  which 
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balances  this  centrifagal  force  must  be  equally  enormous.  Then 
if  this  perfect  fluid  outside  the  vortex-atom  can  exert  this  enor- 
mous force  on  the  revolving  material  without  being  itself  pos- 
sessed of  motion,  then  there  does  not  seem  to  be  any  necessity 
for  vortex-motion  in  order  to  produce  resistance. 

It  has  further  been  advanced,  by  way  of  explanation,  that  this 
incompressible  liquid  surrounds  the  revolving  liquid  like  a  pipe, 
"and  that  if  the  liquid  in  this  pipe  were  to  fly  out,  a  temporary 
void  wonld  be  formed  in  it,  which  is  impossible  in  a  liquid  that 
already  occupies  all  space."  The  incompressibility  of  the  sur- 
rounding fluid  surely  cannot  be  a  i*eason  why  portions  of  the 
revolving  material  do  not  fly  out,  for  if  incompressibility  could 
prevent  portions  of  the  revolving  atom  from  flying  away,  it  would 
equally  prevent  the  whole  atom  from  doing  so,  but  according  to 
hypothesis  this  incompressible  fluid  offers  no  resistance  to  the 
motion  of  the  atom.  When  the  atom  moves  it  is  assumed  that 
the  fluid  in  front  is  displaced ;  but  then  this  simply  makes  room 
for  an  equal  quantity  behind,  and  thus  no  void  is  formed.  The 
very  same  thing  ought  to  take  place,  though  only  a  portion  of 
the  atom  were  to  fly  oflT.  The  various  portions  of  this  revolving 
material  are  not  supposed  to  be  held  together  by  any  cohesive 
force  like  those  of  the  grindstone.  What  then  prevents  the 
revolving  material  from  being  dissipated  by  the  centrifugal  force 
of  rotation  ?  In  short,  how  is  the  existence  of  the  atom  possible 
under  the  physical  conditions  assumed  in  the  theory? — Knowl- 
edge^ Aug,  17 ;  proof  communicated  by  tlie  author, 

II.  Geology  and  Natural  History. 

1.  Geology  of  the  Comstock  Lode  and  the  Washoe  District ; 
by  Geokob  F.  Beckkb,  U.  S.  Geological  Survey,  Clarence 
King,  Director.  422  pp.  4to,  with  many  plates,  and  an  Atlas  of 
21  sheets  in  double  folio,  containing  maps  and  underground  sec- 
tions of  the  region. — Mr.  Becker's  Report,  after  some  introduc- 
tory remarks,  treats  exclusively  of  the  geology  of  the  Comstock 
lode,  and  is  a  work  of  great  value.  Some  of  its  facts  and  results 
are  here  briefly  presented. 

Tables  prepared  with  care  by  Mr.  Eliot  show  that  this  so- 
called  Silver  lode  has  afibrded  up  to  July,  1880,  (or  in  21  years) 
about  43  per  cent  of  gold  to  57  of  silver,  the  whole  value  of  the 
two  about  $306,000,00'^. 

The  rocks  of  the  region  (arranging  them  according  to  the  pre- 
dominant feldspar  in  their  constitution  as  made  out  by  Mr. 
Becker)  are  as  loUows : 

(1)  Having  tlie  feldspar  portiofi  chiefly  orthoclase :  Granite,  a 
small  area  near  the  Red  Jacket  mine ;  quartz  porphyry  (dacite 
of  Zirkel),  having  a  microlitic  fluidal  ground-mass.  (2)  Having 
the  predominant  feldspar  oligoclase:  metamorphic  diorite,  G  z=2'96 
(a  variety  of  basalt,  Zirkel)  a  blackish  rock  in  the  southern  part 
of  the  district.     (3)    Having  the  predominant  feldspar  lahrado- 
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rite  or  andesine:  eruptive  diorite,  widely  distributed,  often  qaartx- 
iferous,  having  porphyntic  and  granitoid  varieties,  and  some  mica 
with  the  hornblende,  the  mica  occasionally  exceeding  the  born- 
blende  in  amount;  Diabase^  the  older^  forming  the  east  or  baof^ 
ing  wall  of  the  lode,  the  younger^  known  as  "black  dike,**  extend- 
ing horizontally  more  than  a  mile  through  some  of  the  mines,  aod 
resembling  the  trap  of  New  Jersey,  neither  of  the  kinds  having 
a  microlitic  or   glass-containing  ground-mass ;   andesite,  having 
a  microlitic  ground-mass  and  often  a  fluidal  structure,  includ- 
ing earlier  and  later  hornblende  andesite^  and  also  some  augiU 
andesite  which  differs  mineralogically  only  in  the  proportion  of 
augite,  the  later  hornhlende-andesite  often  called  trachyte ;  and 
basalt^  consisting  chiefly  of  labradoritc,  augite  and  olivine. 

Magnetite  and  titanite  are  present  in  most  of  the  rocks ;  mica, 
in  much  of  the  diorite  and  some  diabase ;  zircons,  in  the  granite, 
quartz-porphyry,  diorites,  and  rarely  in  the  andesite;  some  horn- 
blende, and  rarely  mica  in  the  diabase.  The  granite  and  diorites 
are  the  older  of  the  rocks.  After  these,  the  chronological  order 
deduced  is  as  follows :  Quartz-porphyry,  earlier  diabase,  later 
diabase,  earlier  hornblende-andesite,  augite-andesite,  later  hom- 
blende-andesite,  basalt.  The  most  abundant  rocks  are  the  ande- 
sites.  The  microscopic  character  of  several  of  the  rocks  is  illus- 
trated on  four  plates  of  sections. 

The  "propylite"  of  von  Richthofen  was  proved  to  be  an  al- 
tered rock,  either  andesite  or  diabase. 

Thi'  rocks  adjoining  the  lode  are  altered  to  great  depths,  and 
fresh  s|K*rirn(MiH  of  several  kinds  are  unobtainable.  They  are  ollen 
chloritic  Ironi  the  change  of  augite,  hornblende  or  mica;  some- 
tiriics  contain  epidote,  which  is  referred  to  the  alteration  of  chlo- 
rite; (!alcitc,  from  the  lime  of  the  feldspars  and  exotic  CO,;  uralite, 
from  the  (rliange  of  augite  ;  and  pynte,  from  diflferent  sources, 
the  iron  coming  from  one  of  the  iron-bearing  silicates.  Among 
the  results  of  wcatlierin<j:,  freezinir  is  stated  to  throw  off  some- 
times  coiichoidal  chips  Irom  the  angles  of  andesite  blocks  to 
a  distance  of  two  or  three  feet  which  weigh  three  or  four  pounds. 
The  (juartz  porphyry  is  deeply  decomposed,  and  its  porous  struct- 
ure is  said  to  be  ** perhaps  due  to  the  unequal  contraction  of  the 
quartz  and  feldspar  in  cooling." 

The  changes  along  the  lode  are  attributed  to  waters  holding 
carbonic  acid  or  alkaline  sulphides,  or  other  mineral  ingredients. 
The  conclusion  is  drawn,  based  on  assays  of  the  rocks,  admitted 
to  l)e  not  altogether  satisfactory,  that  the  diabase,  making  the 
east  wall  of  the  vein  (and  now  exposed  for  a  length  of  8,000  fe€t 
and  a  thickness  of  2,500  feet,  and  deeply  decomposed),  may  have 
been  a  chief  source  of  the  gold  and  silver;  that  it  is  probable, 
from  Professor  Sandberger's  investigations  that  the  augite  of  the 
diabase  was  the  seat  of  its  metallic  contents;  and  that  sulphy- 
dric  and  carbonic  acids  wore  the  active  reagents  that  extracted 
and  gathered  in  the  ores  of  the  metals.  By  their  action  on  the 
rocks,  "carbonates  and  alkaline  sulphides  would  be  formed,  and 


K 


Ge^ogy  and  Naiwral  History.  481 

■re  BolventB  for  qnartz  and  xiilphides  of  the  heavy  metala. 
eftted  depths  of  the  mine  are  aupposed  to  have  formerly 
id  Bulpbydric  and  carbonic  auids  for  the  decompoeitioaa 
le  filling  of  the  vein,  though  now  affording  only  a  mere 
f  these  gaeeB.  The  aflsavB  of  the  rocks  adjoining  the  rein 
lostly  from  0*03  to  0'21  for  the  percentage  of  the  precious 

reckoned  as  silver. 

theory  sets  aside  any  sapply  of  ore-material  from  below  ex- 
ich  as  may  have  come  ap  as  a  constituent  of  the  diabase, 
»tly  of  the  angite  of  the  diabase.  The  mine  is  on  this  view 
lent  at  all  depths  for  its  valae  on  the  existence  of  the  sd- 
■  diabase,  and  heoce  "exploration,"  Mr.  Becker  observes, 
d  be  confined  to  the  neighborhood  of  this  contact,"  and 
.d  this  rock  Yiarrow  to  a  mere  dike  between  diorite  walls, 
tlook  would  be  gloomy." 

very  simple  theory  has  doubts  about  it  because  nothing  is 

of  all  that  happened,  in  the  course  of  the  vein,  from  tbe 
f  the  ejection  of  the  diabase  or  the  first  opening  of  the  fis- 
when  the  temperature  was  that  of  the  fnsed  diabase — down 
time  when  it  was  600°  F.  and  less ;  nothing  as  to  the  nature 
rising  vapors  at  this  high  temperature,  when,  because  of  the 
rature  and  pressure,  they  would  have  great  decomposing 
Trying  powers ;  nothing  :is  to  whether  the  wall  of  the  great 

may  not,  deep  below,  have  contained  metalliferous  veins 
8,  or  disseminated  ore,  that  wonld  have  yielded  the  metals 
ir  om  easily  to  the  powerful  agents  ot  extraction,  those 

heated  vapors;  nothing  as  to  whether  these  sources  of 

may  not  have  contributed  to  the  diabase  and  other  rocks 
ices  of  precious  metals  indicated  by  the  assays. 

heat  of  the  mine  is  proved  to  increase  downward,  at  the 
f  about  3°  F.  for  exch  additional  hundred  feet.  "On  tbe 
'oot  level " — to  which  depth  the  country  is  honey-oombed 
lassages — "  floods  of  water  have  entered  the  mines  at  170" 
>t  enough  to  cook  food.  The  equation  deduced  from  the  facts 
or  a  temperature  of  212°  F.  a  depth  of  6,200  feet;  and  "a 
;  heat  is  likely  to  be  struck  at  any  time  after  passing  the 
'oot  level,"  and  in  all  probability  short  of  5,000  feet. 

facts  show  that  the  source  of  the  heat  "can  hardly  he  less 
wo  miles  from  the  surface,  and  is  probably  four,  in  short  at 


'Die  distance.  In  the  Sutro  tunnel  "  the  rise  of  temperature 
lode  was  approached  is  best  expressed  by  a  geometric 
■bowing  that  the  best  is  derived  from  the  lode,  ^e  moist- 

•qneoiia  Tspor  present  enabling  the  rocks  to  conduct  heat. 

om.  Ba.— Ihms  SMam,  Vol.  XXTl,  No.  1G6.~Dbc.,  1883. 
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In  additian  to  the  esoaping  aqoMmt  Tapor,  sbooft  7,000,000  toa»^ 
<rf  hot  water  are  now  yearly  pomped  from  the  lode,  all  of  ■ablv-^ 
faoean  toiiroe  but  prooabl j  originating  in  the  high  oonntrjr  of  ||i^ = 
fiHerra  Nevada,  as  the  preoedii^  ideal  section  iUostnitesL 

The  qnestton.as  to  ftldspap^eebmposition  (resnltii^  in  tit-, 
making  of  kaolin)  being  the  sooroe  of  the  heat,  as  niged  by  G3inn|^ 
is  disoassed,  and  made  the  siiMect  of  earef  al  ezpMriments  by  Di^ 
&uras;  the  oonelosion  reached  is  that  the  amonnt  of  heat  tbs^^ 
derived  is  infinitesimal,  or  not  enough  to  be  detected  by  an  wff^ 
latus  sufficiently  delicate  to  register  0*001*  C*   Further  it  is  sbva 
llmt  the  so-called  day  or  kaomi  is  diieflv  pulverised  rook. 

Mr.  Becker's  Report  gives  details  also  wjlth  zefeiwMie  to  thi^ 
position  of  the  lode  and  its  contents,  leaving  much  however  te  W 
mesented  to  those  interested  by  the  fine  m^rf  aodseotioDS  of  lib 
loUo  atlas.  It  treats  also  of  the  structural  results  of  £Miltia| 
Beddes,  it  dves  the  details  of  an  electrical  survey  cf  & 
Comstock  and  Eureka  mines,  in  which  the  former  afibraed  sid^  ^ 
negative  results,  and  the  latter  a  slight  action,  perhaps  enott|A  t» : 
be  of  use  in  prospecting,  especially  where  tlie  mres  are  snlpHdm  • 

8.  U.  8.  Qedogieal  Sureejf:  JUHd  Work  4n  Ms  Orma  JBmkL 
«-The  division  of  the  Survey  to  which  the  Great  Basin  mu 
asmgned,  has  be^  employed  lor  several  yeais  in  a  study  of  db 
l^tem  of  lakes  which  in  Qnatemitry  time  ocoopled  that  d«Mit 
region.  During  the  past  season  the  professional  oorpf  has  nmi$ 
ted  of  Mr.  G.  K.  Gilbert,  geologist  in  charge;  Mr.  Israd  0.  Bsi- 
sell,  assistant  geologist;  Mr.  W.  D.^Johnson,  topographer;  and 
EnsiffD  J.  B.  BernadoD,  U.  S.  N.,  general  assistant.  Mr.  R.  E11§- 
worth  Call  of  David  City,  Nebraska,  is  not  permanently  conneo- 
ted  with  the  work,  but  has  been  and  is  still  engaged  in  the  study 
of  the  recent  and  Quaternary  shells  of  the  Great  Basin,  and  he 
accompanied  the  field  parties  for  a  short  time.  Mr.  Gilbert  spent 
a  month  with  Mr.  Call  in  the  basins  of  Hamboldt  and  Pyramid 
Lakes,  and  then  proceeded  to  the  Mono  Basin  where  the  remainder 
of  the  party  had  been  at  work  from  the  beginning  of  the  season. 
Mr.  Russell  has  had  charge  of  the  investigations  in  the  Mono  and 
Lahontan  Basins,  and  has  this  year  completed  his  field  examma* 
tions.  The  chief  part  of  the  summer  was  spent  in  the  Mono  Ba* 
sin  including  the  adjacent  eastern  slope  of  the  Sierra  Nevada,  and 
the  most  important  subjects  of  study  were  the  ancient  expansion 
of  Mono  Lake,  and  the  ancient  glaciers  of  the  Sierra.  Sopoe  at- 
tention was  also  given  to  the  ice-masses  which  still  cling  to  the 
northern  slopes  of  the  higher  peaks,  and  the  camera  will  be  made 
to  ^ive  its  evidence  as  to  their  title  to  the  name  of  glacier. 

All  have  now  returned  to  the  east  except  Mr.  Johnson,  who,  hav- 
ing completed  a  general  survey  of  the  Mono  Basin,  remains  to  make 
topographic  sketches  of  certam  local  features,  especially  of  ancient 
moraines.  The  Survey  has  determined  to  discontinue  this  inves- 
tigation of  the  Quaternary  lakes  of  the  Great  Basin.  The  stadj 
of  the  most  northern  lakes  is  practically  complete,  but  it  has  been 
found  impracticable  to  carry  the  work  southward  at  present,  on 
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account  of  the  great  draft  on  the  energies  of  the  Survey  incideji- 
tal  to  the  recent  extension  of  its  field.  A  preliminary  report  on 
Lake  Bonneville  was  published  in  the  Secona  Annual  Heport,  and 
has  been  noticed  in  this  Journal.  The  Third  Annual  Report  will 
contain  a  preliminary  essay,  by  Mr.  Russell,  on  Lake  Lahontan, 
and  the  Fourth,  a  brief  description  of  the  district  north  of  Lake 
Lahontan,  where  there  was  a  group  of  smaller  lakes.  These  are 
now  in  type,  and  the  preparation  of  the  final  memoirs  is  well  ad- 
vanced. 

3.  Vol.  VII  of  the  Geology  and  Paleontology  of  Illinois. 
— ^Volume  Vn  of  the  series  of  Reports  on  the  Geology  and 
Paleontology  of  Illinois,  A.  H.  Worthen,  State  geologist,  has 
recently  been  issued.  The  first  part,  by  Mr.  Worthen,  treats  of 
tbe  development  of  the  coal  resources  of  the  State  since  the  pub- 
lication of  the  last  volume  in  1875,  and  covers  62  pages.  The 
remainder  of  the  volume,  over  300  pages,  is  paleontological.  Over 
sixty  species  of  fossil  fishes  are  described  hj  O.  St.  John  and 
A.  H.  Worthen,  and  illustrated  on  twenty-six  plates,  crowded 
with  figures.  Descriptions  and  plates  of  many  invertebrate 
fossils,  mostly  new  crinoids,  follow.  Part  I,  by  A.  H.  Worthen 
and  S.  A.  Miller,  and  a  second  part,  by  C.  W  achsmuih  and  W. 
BL  Barris.  The  excellent  figures  are  mostly  from  drawings  by 
C.  K.  Worthen.  Added  to  those  of  previous  volumes,  the  whole 
number  of  plates  issued  in  the  Reports  of  the  Illinois  Survey  is 
now  196.  Two  more  volumes,  containing  forty  to  fifty  plates 
each,  will  be  required  to  complete  the  paleontology.  The  series 
of  volumes  has  no  rival  in  paleontological  value  among  the  State 
reports,  if  those  of  New  York  are  excepted. 

4.  On  the  recent  formation  of  crystals  of  Cerussite.  —  M. 
Lacroix  has  described  the  occurrence  of  several  copper  minerals 
in  connection  with  pieces  of  Roman  money  found  among  some 
ruins  in  Algeria.  The  coins,  as  found,  adhered  to  each  other, 
being  cemented  together  by  carbonate  of  copper ;  between  each 
pair  there  was  a  little  cavity  containing  crystals  of  cerussite 
and  cuprite,  with  malachite  and  azurite,  but  varying  accordingto 
the  degree  of  alteration  which  the  coin  had  undergone.  The 
cerussite  was  in  small  mammillary  crystalline  groups,  of  a 
yellowish-white  color;  the  cuprite  formed  red  cubes  up  to  1'""  in 
thickness ;  the  azurite  was  also  in  a  crystalline  state,  but  without 
distinct  form.  The  composition  of  the  coins  was  obtained,  as 
follows:  Cu  79-76,  Pb  16*26,  Sn  3-97  =  99-99.  Somewhat  similar 
observations  have  been  made  by  Daubr6e  on  recent  minerals 
occurring  at  Bourbonne-les-Bains,  but  in  the  latter  case  the 
oeruBsite  was  formed  directly  from  fragments  of  lead,  and  not  as 
here,  at  the  expense  of  the  lead  in  the  coin  alloy. — Bull,  Soc. 
Min.y  vi,  176. 

6.  Volumes  I  and  II  of  the  Reports  on  the  Geology  of 
Wisconsin  have  recently  been  issued.  They  are  volumes  of  great 
geological  importance.     A  notice  of  them  is  deferred. 

6.  oupposed  Glacial  strive  on  Locust  Mountain^  Pa, — On  page 
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473,  of  the  Itflt  Folame  of  this  JonrDal,  the  observatioo  thit 
fflacial  strue  occnrred  oq  Locust  Mountain,  south  of  the  gladcr 
limit,  is  cited  from  remarks  by  Prof.  liesley  iu  the  eeotoginl 
report  of  Mr.  I.  C.  White.  We  learn  from  Prof.  H,  C.  Lewii, 
that  he  has  made  a  special  examination  of  the  region  and  fiodi 
that  the  snppoaed  glacial  HtritB  are  not  of  glacial  origio. 

7.  TViV-Cortont/eroiM  ^-,  , , __ 

Str^a  in  Arizona, ■  by  C.  ^^ZlXLj:i:l?y=^^  C-rboolferw* 
D-  Walcott. — The  follow-  — r-'-^r~^V'^5^^^Y:4^''r^    Dovoni*!!. 

ingcai  represents  as*  ,  

by  the  author,  of  the  Pre-  ^^ 
Carboniferous  strata   n  the  !^^ 
GraDdCanon,inillDstra   on  — ^= 
of  his  article  on  pages  437 
442.     Oving  to  the  d  p  of 
th«  smt&.  a  port  on  only 
of  the   Pre-Tonto  groups 
isshon. 

^.  y<>U*  on  a  nete  Topaz 
Lr^^ility:  by  Rev  R  T 
Okivja,  rVn^er,  Colorado 
— Ill  the  October  number 
of  the  JiHinial  fo  1862 
Mvs^  C.  W.  Cross  a  d 
W.  K.  Hillebrand  of  he 
\".  S.  i^urvey,  de«cnbed 
*.'iu*  toi>Mes  of  nui  al 
»i!tt\'unan.>arPik  Peik 
Pie  Uviliiy  was  i  the  d  a- 
i-;;i»:niii\l  graiiit  o  o 
vf  0;c  sitvp  slojH?^  about 
WW  ;iuWs  iivm  Ma  o 
i>u',\  dk  iVw  iTysta  ne  e 
tv-^:''^!.  W»  tliaii  ha  t  a  los 
,■11  iivwl  oiu's,  and  perhap 
l«ivv  tlut  number     f  jle- 

I'luinc    ib«-   *«i 

l^^i,  Mr.  \V;lU,Tl 


1  f  Pk  8  leak  a  re^  on  1  gely 
n-s  itiid  lifnct'  not  much  traversed  by  prospeoi- 
lotiiul,  near  Platte  Mountain,  a  "  pocket "  of 
.\rtfi-  iliirgnig  more  or  less  for  a  oiouih  be 
)  liiiiulivil  iTvstaJs  and  cleaviige  fragniuuts.  .\ 
tisvi-  oiniu-  into  the  possi?iiision  of  the  writer. 
a-i  li'und  ill  de<!oni()08ed  albite.  In  the  near 
11,1  jifi;m;itilo  or  graphic  granite.  The  following 
louiid  in  the  pocket  or  very  near  to  it:   micro- 
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dine,  albite,  clear  and  smoky  quartz  crystals,  an  altered  mica, 
gcethite  and  flaorite.  The  largest  microcline  crystal  foand  meas- 
ured eighteen  inches  in  the  longest  diameter.  Many  of  the  topaz 
crystals  have  been  broken — bemg  found  out  of  place — but  they 
show  an  attempt  on  the  part  of  nature  to  heal  over  the  broken 
surfaces  by  forming  new  planes.  Some  of  the  microcline  crystals 
show  the  same  peculiarity.  The  lai^gest  topaz  fmgment  weighs 
eleven  and  one-half  ounces  and  parts  of  it  are  very  clear.  It 
evidently  belonged  to  a  very  large  crystal,  only  two  planes  of 
which  appear  on  the  fragment.  Another  fragment,  weighing 
two  and  a  half  ounces,  is  perfectly  limpid  and  colorless.  The 
largest  and  best  crystal  weighs  four  ounces.  It  is  of  a  light 
straw  color  and  is  perfectly  clear,  having  no  flaw  in  it.  The 
prism  is  perfect,  showing  the  planes  /,  t-2,  and  1-2,  0  is  distinct, 
though  slightly  bruised.  Domes,  },  1,  |,  2-7,  2-i  (the  latter 
passing  prooably  into  \-X)y  4-1,  and  |-i. 

9.  Jeremefeffite  and  JElichioaldite. — The  chemical  characters  of 
tbe  remarkable  new  borate  of  alumina  from  Siberia,  called  by 
M.  Damour  jeremejeffiite,  have  already  been  given  in  this  Journal 
Txxv,  478).  The  crystalline  form  of  the  species  has  since  been 
described  by  Websky.  An  optical  examination  by  him  has  con- 
firmed the  observation  of  Jeremejef,  made  in  1869  upon  the  tame 
crystals,  which  were  then  supposed  to  be  beryl,  viz :  that  only  the 
outer  shell  is  optically  uniaxial,  while  the  interior  portion  is  made 
up  of  six  segments,  all  alike  biaxial.     Websky  found  the  two 

Earts  of  tbe  crystal  to  be  separated  by  a  narrow  nearly  opaque 
exagonal  ring.  The  boundary  lines  of  the  six  interior  segments 
are  perpendicular  to  the  prismatic  planes.  The  optical  characters 
of  all  the  segments  correspond,  the  bisectrix  being  parallel  to  the 
vertical  axis,  and  the  plane  of  the  optic  axes  making  an  angle  of 
30®  with  the  adjacent  sides  of  the  exterior  hexagon.  The  two 
parts  of  the  crystal  are  morphologically  different,  and  to  the 
uniaxial  part  Websky  proposes  to  restrict  the  name  of  Damour, 
while  to  the  interior  part  he  gives  the  name  JSichwaldite,  from 
that  of  the  Director  of  the  mines  at  Nertschinsk,  who  collected 
the  crystals.  A  study  of  the  crystalline  form  has  convinced 
Websky  that  the  prismatic  planes  and  the  pyramidal  terminations 
correspond  to  the  pyramidal-hemihedral  division  of  the  hexagonal 
system,  while  on  the  rounded  extremities  there  also  occur  planes 
which  belong  to  the  interior  Eichtpaldite^  and  which  are  to  be 
referred  to  a  drilling  of  the  orthorhombic  system  in  accordance 
with  the  optical  character.  It  is  to  be  regretted  that  the  material 
is  too  scanty  to  allow  of  fully  deciding  these  complex  crystallo- 
graphical  relations,  as  also  to  show  whether  both  parts  of  the 
crystals  have  the  same  composition.  This  indeed  seems  probable, 
and  it  is  natural  to  think  of  the  well-known  cases  in  which  the 
same  chemical  substance  is  known  to  appear  in  both  the  hexagonal 
and  orthorhombic  (or  monoclinic)  forms  ;  the  observations  of  Pro- 
fessor Cooke  on  the  iodides  of  antimony  are  to  the  point. — Jhr, 
Ah.  Berlin^  June  14,  1883. 


Seifniijlc  Intdligence. 

■ 
i^  JTwii  g'rjf'nrf  Soies ;  by  E.  Glaassen.  (Communicated). 
'fi  imii  I'dj  crywlals  of  Pyrite. — ^Tliese  crystals  occar  in  t 
^camrc^j  ^tsisL.  cae  flK>-ca11ed  Cuyahoga  shale  of  th«  Waveriy 
^w43l1c  T%msu  Cuyahoga  conntVy  Ohio.  Thev  form  combintr 
^■-r^  ir  ^tf  CUM.  octahedron  and  generally  the  pyritohedron 
=  .t..  'vica  lae  cube  predominating.  The  largest  crjutals  fomid 
i^jauta  jjcoc  X  i°^b  in  diameter.  The  interest  of  these  crystili 
insisa  Ji  ?ai#  ^ct  that  the  cubic  planes  have  always  a  concsTe 
«.  ^m^ulit  chc  planes  of  the  other  forms  are  as  even  as  osoiL 
j2  .-Jiuw^'Zieace  of  this  fact  the  combination-edges  of  the  cube  and 
Krx!««£rJa  ar«  often  curved  lines.  A  single  crystal  among  those 
«ciiXU2M«i  va»  peculiar  in  that  the  octahedral  planes  consisted  of 
A  rtf>jr«Awd  criangular  portion  with  an  even  surface,  bounded  J)j 
::are«  sattov  raided  parts ;  the  cubic  planes  have,  with  one  excep- 
tnjii.  a  «>7ocave  surface ;  the  pyritohedral  planes  are  divided  into 
TV'*  7art»  by  a  narrow  depression.  It  seems  probable  that  thi 
Qiai.i«»  of  th«^  original  crystal,  in  this  and  other  cases,  were  even, 
ui*  :a;iS  (he  concavity  and  other  irregularities  observed  are  due 
V  4U0tf«4n«nt  growth  of  the  crystal  over  this  nucleus. 

.1  f^H  Mag9i€tit€'Cry8tal8  in  Hematite. — Small  perfect  crjstalfl 
\ii  aia^:iKtite  are  found  imliedded  in  a  compact  hematite  of 
Bt^cju'io  luster,  bnmght  from  the  Lake  Superior  Iron  Mines. 
X^^\  ar«  iVtahedrons,  have  a  red  streak  and  give  a  reti  powder 
tf&iJsIy  like  the  surrounding  hematite,  but  differ  essentially  by 
Xc^iv  b«*tug  attracted  by  the  magnet.  Their  appearance  is  that 
o:  ;;  tddter^l  magnetite  and  not  that  of  martite,  which  oflen  also 
vVv-.irs  in  the  aln^ve  named  region, 

..^  VinKidinm  and  Titanium  in  Magnetite  in  the  8<hcaUed 
C\  'jff*ji  '.*'Y. — This  magnetic  iron  occurs  near  Newboro,  Canada, 
Av  l^viitHins  ^  per  cent  of  vanadic  acid  and  9^  percent  of  titanic 
Ax*:. I  Tiio  vanadic  acid  was  determined  in  a  quantity  of  five 
isn:f..Is  of  pulverized  and  finely  bolted  ore,  and  separated  aa 
*m:u::ii  rx'sp.  ammonium  vanadate. 

:i  i^'i'ttoi/tO'jKntsis:  Die  twfweitiiche  Entwickelnng  der  Enl- 
i^'*  .^V  und  dzr  lyf'tnzen  in  GrundzUgen;  dargestellt  von  Dr. 
i>iiv»  Ki  N/K.  Loipzig,  1884.  pp.213,  8vo. — This  curious  trea- 
I'xo,  on  the  original  development  of  the  earth's  crust  and  its 
\K'ii\*  I  Ativan,  is  of  a  highly  hypothetical  character.  Much  of  it  we 
!'*uxi  \'a\  0  for  the  gei>logist  to  characterize  and  to  digest,  as  best  be 
\v.  i\  .  i^K'  ins! anoe,  that  our  globe  was  never  an  incandescent  liquid, 
!•,-•  "A  "rv.:  ^ot,  but  only  moderately  red-hot;  the  oceans  formed 
H!  V  5  ><:i'V.:or*i  ovH^liniX  wore  strongly  impregnated  with  carbonic 
Hv-  :  '■•  '■•o  '.*o*m  of  Inoarbonate  of  calcium,  but  scarcely  salt.  The 
•  i  '■•.;'  .i-xvti  c»'iitio!!  K'^(  the  land  surface  gradually  gave  the  sea 
v.  x.".->s>.  Til*  voiToialion  which  llourished  on  the  surface  of 
!  -^  •;■•  \  i*av^o'i:itod  sea  gave  to  tlie  air  its  stock  of  carbonic 
i  V"    \c:;vt.itivMi   down   to   a   comparatively  late  period — 

x  .•v'W!!  o  cti  to  the  Tertiary — was  aquatic  and  marine;  the 
X  .  •  ."•  o:  \  ?o  i'arhoniferous  period,  the  Lepidodcndra  and  other 

■    v'\  o'.Oii.uns  lormed  floating  islands  of  vegetation,  the:r 
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Stigmaria  roots  floating  on  the  snrflEice  Id  •matted  masses,  their 
^ems  rising  like  masts  into  the  air.  As  the  ocean  grew  Salter 
this  Carboniferous  vegetation  took  to  the  strand ;  and  then,  or 
sabsequently,  the  vegetation  of  the  world  was  in  peril  and  verged 
to  extinction,  as  may  be  seen  from  the  fact  that  there  were  2500 
species  of  coal  plants,  and  only  150  in  later  periods.  It  would 
-seem  that  increasing  saltness  of  the  ocean  had  driven  the  higher 
•cryptogamic  vegetation  to  the  land  before  the  continents  were 
prepared  to  receive  it ;  bat  finally,  when  the  atmosphere  had 
acquired  from  the  bicarbonated  ocean  sufficient  carbonic  acid  and 
the  rocks  had  worn  down  into  soil,  terrestrial  vegetation  was 
•established.  In  the  ninth  period,  heretofore  called  the  Tertiary 
period,  land-plants  came  to  prevail,  and  the  differentiation  of  cli- 
mates gives  rise  to  diflferentiation  of  land  vegetation.  Man  now 
-appears,  in  all  races  probably  first  with  black  skin.  As  there  are 
DO  indigenous  blacks  in  America,  the  early  population  of  this 
-cotitinent  was  an  immigration  from  the  old  continents.  To  go 
back  to  the  beginning  :  the  earliest  living  things.  Protista^ 
neither  animals  nor  plants  distinctively,  were  neither  miraculously 
created  nor  imported  from  other  worlds ;  but  the  primordial  cells 
were  formed  by  a  kind  of  mechanical  precipitation,  in  a  way 
which  Traube's  artificial  cells  explain.  Life  arose  from  certain 
catalytic  processes  in  carbo-hydrates:  only  some  one  of  these, 
with  tannin  or  something  of  the  sort  which  may  precipitate  it 
from  a  solution,  seem  to  be  necessary  to  cell-formation  and  growth, 
and  consequently  for  propagation  by  division.  Sexual  propaga- 
4;ion  in  the  first  instance  was  probably  a  morbid  process,  a  sort  of 
diseased  action.  The  two  or  three  primordial  organic  carbo- 
hydrates needful  to  life  originated  from  certain  inorganic  carbo- 
hydrates of  the  earth,  and  these,  from  interplanetary  space.  Dr. 
Kunze  is  a  botanical  writer  of  no  small  pretension  and  learning, 
and  is  fond  of  treating  his  topics  speculatively.  It  may  suffice 
to  call  attention  to  his  volume,  which  is  replete  with  suggestion. 

A.   o. 

12.  Catalogue  of  the  Phmnogamoua  and  VasctUar  Cryptoga- 
mous  Plants  of  Worcester  Co,^  Massachusetts  ;  by  Josbph  Jack- 
son. Worcester.  Published  by  the  Worcester  Natural  History 
Society,  1883.  pp.  48,  8vo. — "  Worcester  County  extends  across  the 
State  from  North  to  South.  On  its  southern  or  Rhode  Island 
margin  it  is  allied  by  its  flora  to  Southern  New  England ;  on  its 
northern  or  New  Hampshire  margin  it  is  allied  to  northern  New 
England.  It  lies  at  altitudes*  varying  from  200  feet  to  2,600  feet 
above  the  sea  level.  Only  one  point,  Mount  Wachusett,  reaches 
the  latter  height.  ...  It  is  a  thickly  wooded  region,  with  many 
kinds  of  valuable  timber  trees,  such  as  the  white  pine,  white  ash, 
white  oak,  hickory,  chestnut,  rock  maple,"  etc. 

A  faithful  list  of  the  plants  of  such  a  typical  slice  of  New 
England,  besides  its  local  uses,  is  interesting  and  instructive,  as 
giving  a  fair  idea  of  New  England  vegetation  apart  from  the 
influence  of  the  sea  on  the  one  hand  and  the  alpine  and  subalpine 
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heights  on  the  other.  '^No  attempt  has  been  made  to  distingaisb 
between  indigenous  and  introduc^  plants," — which  is  rather  to- 
be  regret te^l  from  oar  point  of  view.  One  likes  to  see  the  native  as 
oleArly  distineuisbeii  from  the  foreign  elements  as  well  may  be. 
For  such  a  district  :hi«  may  now  be  done  quite  clearly.  In  the 
future  it  will  be  m;.re  difficalt.  The  Catalogue  ''contains  812 
S()ecie«  \zA  Tcli-oj^rkei  varieties,  distributed  among  387  gen- 
era :"  aci  *''*i5  «c^:i»  are  found  in  31illbury,"  the  author^s  own 
resisircce.  "Hit*  Ci:Al->jne  is  well  edited  and  handsomely  printed. 
W«  oATfi  i^rc-e<.'r:«!4i  -icly  a  single  misprint  (and  that  on  the  last 
poo? .  b^titis  :':•*  -rri-r,^  a^e  of  a  capital  initial  in  one  instance, 
waicQ  rr:OA'?ij  is  lis*;-  xa.  error  of  the  press, — a  correctness  rarely 
a::;&..'iifi  _i  a  'ir*z  ^»(«;iT.  There  is  a  list  at  the  end  of  the  ''  trees, 
*on>»4^  uii  -.-irjirsiic  i.^wering  plants  growing  naturally  in  thi 
..-Lonrj.  :  j.i  .ii  mm.":«cr:  also  of  twelve  trees,  none  which  are  com- 
nca   n  .•Tif  »'ici:a."'  a.  g. 

"'    XscsLiAViors  SciExnnc  Intelligence. 


nf.  J>  I.-  rr-^wiMi^t/  ^nd  the  Antarctic.  —  Dr.  James 
C:n  i.-  iafii>  %  -jawr.  a  :ae  Philosophical  Magazine  for  November, 
»Pt»\>ini^  :!«  "^'v  '.Jiic  'ie  universal  ice-covering  of  Greenland  is 
i  ^  vT'S'^iist'-ic*;  'f  :je  -fievarion  of  the  land.  He  states  that  no 
I'.'.i:'-^  r  n\  .iiitain  "■«:£«-*  bare  been  reported,  and  holds,  as  urged 
'ii-  ".>  "i,  ■>.-  ^r-'WTl  -  .Mie  of  the  highest  authorities  in  matters 
'^  .-!.  -^  •  -i.-^^'.ii.i.L*  Thai  the  region  of  the  great  interior  ice- 
•v^  .  -^  X  %  '-"a  :-■". cei  -fthaliow. vessel,  iilted  with  the  glacier  as 
«-  ,  ^«  ;>*  :i.\:':"VL..  i:'-«i  pouring  portions  out  through  breaks 
.    ,-^         'v.    i^s-    wvx'ois  as  most  probable  the  opinion, 

^  . «  "  .v-^c-o:  "^•■'  «-»ies*K'ke»  and  more  recently  by  Dr. 
C;."",  ..      •.    ..  a:i:r%-  >  r^allv  a  collection  of  islands  fused 

*-►       .      ^^^    i.--i'U'<  ".J;!:  :l'-e  Greenland  condition  is  probably 
.  ,^         .  .     *•:».••.  I-    .1  .v..';v::i'*Ti  of  rather  low  islands  "bound 
..,.,»..  ...j^  >;ir:ec  v^f  loe,''  as  Sir  Wyville  Thomson 

•  ^.^^  ^*         *  •  *       -     • 


<iK-v  .':"  :i'>?at  4,500,000  square  miles.     This 


^    ..      ^    .     ..   r.-^vi:iou  is  stated  to  follow  from  the 

V;  >tr:oti:re.  of  the  Antarctic  ice-barrier. 

-^  .^    ^—    it-*.  ••  •-■^dL-ds  indicate,  by  their  number  and 

^^   i..tN>^  4    '.'t'^  i»eriod  of  annual  deposition  of 

'**■  ^  v;      • .       '.,   "mt^'^t  is  probably  ronioved  hun(lre<ls 

"^     '  "  ,  v.-iArsion,  especially  since  there  are 

i   r-^niuT  irlacier-condition,  snch  as 

^  •.  i!  cv>  v^r  fiords.      The   layers  con- 

,^    4 . .  •■..  r  A  uially  thinner  downward  ;  and 

.   .^.   i.,  .;v'  o:  compression  and  meltinir,  is 

^  vj  '.-•.creasing  breadth  of  the  earth 

^  i  -^*  c  requiring  that  a  square  loot 

<9"  >ho«Kl  occupy  thirty  square  feot 

.;■      i:jv:  i?^yce  be  only  ^th  of  a  foot  thick. 


»  "x'* 


1'  ■ 
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Henoe  relatiye  thickness  is  an  indication  of  distance  traveled,  and 
**  a  layer  near  the  bottom  may  have  been  traveling  from  the  Pole 
for  the  past  10,000  or  15,000  years,"  while  one  at  top  is  not 
twenty  years  old,  and  of  short  distance  of  travel. 

From  such  facts  Dr.  CroU  argaes  that  the  ice  of  the  Antarctic 
ice-barrier  moved  off  from  a  low  and  even  land-surface,  and  that 
this  kind  of  surface  characterizes  the  "  Antarctic  continent."  On 
the  ground  that  the  moist  winds  flow  in  all  directions  toward  the 
Bontb  pole,  and  that  the  latitudinal  extent  diminishes  poleward,  it 
is  urged  that  the  loss  by  precipitation  on  going  poleward  does 
not  necessarily  occasion  a  diminishing  depth  of  ice.  For  if  the 
annual  amount  of  precipitation  between  the  parallels  of  60^  and 
80°  is  thirty  feet,  and  the  amount  of  moisture  left  in  the  air  on 
reaching  the  line  of  80°  is  only  a  tenth  of  thirty,  this  tenth  would 
give  a  snowfall  there  of  twenty-four  inches,  because  the  area 
between  the  line  of  80°  and  the  pole  is  only  an  eighth  of  that 
between  the  parallels  of  60°  and  80°.  Hence  even  if  the  border 
of  the  Antarctic  ice-region  takes  from  the  clouds  the  greater  part 
of  their  moisture,  the  thickness  of  the  ice  may  still  increase  pole- 
ward. Moreover  the  region  of  the  pole  should  be  ever  filling 
with  ice,  however  small  the  precipitation. 

Dr.  Croll  regards  the  recent  observations  of  Nordenskiold  aa 
confirmatory  of  his  views  on  Arctic  and  Antarctic  ice-regions. 

2.  National  Academy  of  Sciences. — At  the  meeting  of  the 
Academy  held  at  New  Haven,  November  13-16,  1883,  Professor 
O.  C  Marsh,  President,  the  following  papers  were  presented : 

A.  GRAHiiM  Bell  :  Upon  the  formation  of  a  deaf  variety  of  the  human  race. 
0.  A.  Young,  E.  S.  Holden  and  0.  S.  Hastings  :  On  the  Solar  eclipse  of  May 

6th,  1883. 

Asaph  Hai.l  :  Notes  on  the  mass  of  Saturn. 

R.  H.  Chittenden  :  On  some  new  primary  cleavage  forms  of  albuminous- 
matter.     By  invitation. 

S.  Newcomb  :  On  the  use  of  the  word  "  Light "  in  Physics ;  On  the  theory  of 
errors  of  observation  and  probable  results. 

O.  T.  Sherman  :  Personality  in  the  measures  of  Yenus's  diameter  as  derived 
during  transit  across  the  Sun.     By  invitation. 

E.  Looms :  The  reduction  of  barometric  observations  to  sea-level. 

8.  P.  Langley  :  Atmospheric  absorption. 

W.  H.  Breweb  :  On  the  subsidence  of  particles  in  liquids. 

H.  A.  Rowland  :  On  a  new  photograph  of  the  Solar  Spectrum. 

J.  D.  Dana  :  On  the  stratified  drift  or  terrace  formation  of  the  New  Haven 
region,  including  its  kettle  holes  and  deserted  river  channels. 

W.  GiBBS:  Preliminary  notice  of  phospho- vanadates,  arsenio-vanadates,  and 
antimonio-vanadates ;  On  the  probable  existence  of  new  acids  of  phosphorus. 

B.  SiLLiMAN :  Notes  on  the  mineralogy  and  lithology  of  the  Bodie  Mining  Dis- 
trict of  Califoruia. 

J.  S.  Newbkrry  :  On  the  ancient  glaciation  of  North  America. 

J.  W.  Powell  :  Marriage  Institutious  in  Tribal  Society. 

J.  ELall:  Note  upon  the  physical  aspects  of  the  higher  members  of  the 
Chemung  G-roup  and  the  development  and  distribution  of  the  fossil  genera 
Ptychopteria  and  Leptodesma,  preceded  by  a  review  of  the  Pectenidie  and 
Aviculidffi  of  the  Devonian  system. 

T.  Sterry  Hunt  :  The  Animikie  rocks  of  Lake  Superior. 

0.  C.  Marsh  :  On  the  affinities  of  the  Dinosaurian  Reptiles. 
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3,   Siffnal  Service  PTofeagiontd  Papers. — The  following  papen 
h&ve  been  issued  by  tlie  Signal  Service.     No.  V  I  IT.  The  motioQi 
of  fluids  and  solids  on  the  earth's  surface,  by  Professor  Wm,  Fe»  ^ 
BKL,  reprinted  with  notes  by  Frank  Waldo. — No.  IX.  Cliarta  aod  , 
Tablea  showing  geographical  distribution  of  rain-fall  in  the  United  ' 
States,  based  on  observations  rrom  the  establishment  of  the  Mete- 
orological Bureau  of  the  Signal  Service,  in  1870  to  January,  1881,  I 
by  H.  H.  C.  DuNWOODY,  Ist  Lieut.  4th  Artillery,  acting  sigiiil    ' 
officer. — No.  XL  Meteorological  and   Physical   Observations  on 
the  East  Coast  of  British  America,  by  O.  T.  Sbekhan. — No.  XH 
Popular  Essays  on  the  Movements  of  the  Atmosphere,  fay  Pro- 
fessor Wm.  Fbrbbi. 

OniTUAET. 

John  Lawrence  LeContk. — Doctor  John  L.  LoContc,  the  able 
Entomologist,  died  on  the  Ifltli  of  November,  at  Philadelphia,  in 
his  fifty-ninth  year,  having  been  bora  in  New  York  on  tlie  18tli 
of  May,  1826.  He  was  a  son  of  Major  John  E.  LeConte,  a  dis- 
tinguished member  of  the  Engineer  Corps  and  the  author  of 
several  papers  on  Botany  and  Zoology.  Doctor  LeConte's  labon 
in  science  were  devoted  especially  to  the  Coleoptera,  in  which 
department  he  made  very  large  collections,  and  was  higb 
authority.  He  is  the  author  also  of  some  mineralogi'^al  pappn, 
and  as  early  as  1847  presented  to  the  AsBOclation  of  American 
Gteologi^ts  and  Natoraliete  a  valuable  paper  on  Fossil  Hammalii 
from  IIliuoiB,  The  Smithsonian  Inatitntion  published  in  1601-41 
bis  t'liusiflcation  nf  the  Cnkopttra  of  North  America,  and  in 
lBe3-t)6  ilia  Lift  of  thu  (Joleopk-rn  of  North  America.  He  was 
a  member  of  the  National  Academy  of  Sciences,  and,  for  the  year 
1873-74,  PreaidcTit  of  the  American  Association. 

Leonabd  D.  Oale. — Dr.  Leonard  D.  Oale  died  in  Washington 
on  October  22,  in  his  eighty-fourth  year.  He  was  jgradoaied 
from  the  College  of  Physicians  and  Surgeons,  in  New  York  City, 
in  1830,  and  was  soon  afterward  employed  as  Assistant  Professor 
of  Chemistry  in  that  institution.  Hie  name  is  connected  wilfc 
ohemical  papei's  in  this  Journal  for  1831  and  1832.  Later  be  wu 
Professor  of  Chemistry  in  the  New  York  College  of  Pharmaoy, 
and  Professor  of  Chemistry,  Geology,  and  Mineralogy  in  the 
Univei-sity  of  New  York.  While  holding  the  latter  poution,  in 
1834,  he  rendered  important  aid  to  his  fellow-Professor,  S.  F.  R 
Morse,  in  the  perfection  of  the  electric  telegraph,  bringing  to  hii 
knowledge  the  discoveries  of  Professor  Henry,  the  appIicatioD  of 
which  to  the  Morse  machine  assured  its  success.  In  183B,  Dr. 
Gale  made  a  geological  survey  of  New  York  island,  and  a  report 
of  his  work  is  published  in  the  New  York  Geological  Report 
(4to,  1843)  of  Professor  Mather.  From  1846  to  1857  he  w» 
an  Examiner  of  Patents,  having  charge  of  the  Departmeat  of 
Chemisti'y,  and  was  afterward  for  many  years  engaged  ia  tht 
practice  of  patent  law  in  Washington. 
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PenhaUaw^  D.  P.,  herbnge  of  permaoeDt 
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Peters,  C.  K  F.,  discovery  of    a  new 
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Sun,  electric  potential  ot  406.  '  '^ 

oxygen  lines  in  spectrum,  telluric^ 
477. 

Siemens'  theory  of  the,  67,  146. 

Bpectrosoopic  notes  on,  Young,  333. 


Tellurium  oxide,  new,  237. 

reactions  of,  402. 
Thermal  springs,  see  Geology. 
jyowbridge,  J.,  physical  notes,  67,  145^ 

319,  406,  476. 
JHmlntU,  J.  H.,  DeCandolle's  Origin  of 

Cultivated  Plants,  128. 
Tuning  forks,  experiments  on,  Wead,  177. 
Turmeric,  chemistry  of,  141. 


Upkam,  W„  Lake  Agassiz,  327. 


Yapor  densities,  Worcester,  144. 

density  apparatus,  237. 
Yasey,  G.,  Grasses  of  the  United  States^ 

322. 
Veio  s,  genesis  of  metalliferous,  ZreConfe,  U 
Vesta,  a  brief  study  of,  Harrington,  46  L 
Volcanoes,  see  under  Geology. 
Vortex-atom  theory,  Croll,  478. 


w 

Wachsmuth,  C,  Palseocrinoidea,  365. 

Wadsworth,  M.  E.,  meteorites  of  Bishop- 
ville  and  Waterville,  32,  248. 
note  on  Irving's  paper,  155. 

WalcoU,  G.  D.,  injury  to  the  eye  of  a 
trilobite,  302. 

Pre-Carboniferous  strata  in  the  Col- 
orado cafion,  437,  484. 

Water,  specific  heat  of,  Liehig,  57. 

Watson,  S.,  Contributions  to  American 
Botany,  323. 

Wead,  G.  K.,  intensity  of  sound,  177. 

Weight,  correction  of,  for  buoyancy  of 
the  atmosphere,  Gookt,  38. 

White,  G.  A.,  burning  of  lignite  in  situ, 
24. 

commingling  of  types  in  the  Lara- 
mie gproup,  120. 


WhiU,  2,  C„  MrmrM  of  weaWni  Penn- 

sylvBiii*.  3!T. 
WhUfield,  a.  P.,  Utica  slsle  Ji-raiitoliMa, 

'WiflorehBim,  K.,  Lelirhnch  der  verglol- 

cheiiden  AoaUnnis,  4U. 
^'tllituTiB,  A,,  Mineral  Kesoiiroeii  of  Ui» 

United  SUWb,  414.  , 

Wiaiamt.  3.  0.,  dip  of  Tully  liineetcnti,  I 

aoii.  I 

Wnmf,  R  v.,  causa  of  the  GUcial  period, 

1  Ml,  244, 
WonMlf,  C.  P.,  Tipor  dcDHitioB.  144. 
Worthen,  \.  U.,  IllinoM  GeoJogicftl   Re- 
port, 414,483.  ' 


Youny,  A.  O..  ooninduni  ff^iw  In  IiiSi 

nv 

Young^  C.  A.,  spCMTtroscopIc  DnM,  Hi, 


ERRATA. 


Ph^  171,  tioe  4  fhm  imttom,  add  at  the  end  of  the  Bentenoe,  siotpl  th«fUa 

Page  nB,  Una  I  from  top.  fbr  2Vli,  read  2Vi,. 

Page  ISl,  equation  (13),  all  the  t?o«ffiQietils  ahoidd  be  3.  Bqualion  (U),  lUK* 
signs  sboulc)  be  alihs,  viz.,  t. 

PSfB  1S»,  line  17  from  boUoni,  for  These  familiar,  read  Then  InmiliBr.  Umi 
from  bottom,  aJtw  0  inaert  a  comma,  sod  dole  oommu  after  (ii). 

Page  !HE,  Hns  14  (Vom  top,  nfler  velodi;  add,  of  the  tip  of  the  prong. 

Page  187,  Table  V,  column  B,  for  2-u,  road  1-3, 

Pniie  189.  lart  lioe,  lor  1Sf!2,  lead  1BS2. 

Pflpe  217,  Fig:iire  fi  represents  u  cn'Ktal  of  ullSDito,  an  J  mas  ineerted  bjmistilif. 

Pnie  213,  line  IS  from  top,  f.^r  pvrBUii.fs,  rpnd  fmgmentB, 

Page  386,  line  4  t>om  top,  berore  oijgen  dele  the. 

Page  290,  line  1 T  from  bottom,  for  decomposition,  read  depoaitiOD. 

Page  306,  line  12  ttom  bottom,  ioaert  vol.  xiiii  at  the  tngbming  of  the  Una. 

Page  301,  line  1 1  from  bottom,  tor  focua,  read  loeua. 
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STORM   OF    FEB.   5     1870.  PLATE  II 


SPIRAL    MOVEMENT  OF    THE  WIND. 
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